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REMARKS 

Claims 3. 11, 12, 13, 14. 17. 18, 19. 20, 22, 30, 31 , 32. 34. 35, 36, 44. 47. 
48, and 49 have been cancelled. Claims 37-39 and 40-43 have been amended. 
New claims 50-57 have been added. Claims 1. 2, 4-10, 15-16. 21. 23-29, 37-43. 
and 50-57 are now pending in the application. No new matter has been added 
by amendment. Reexamination and reconsideration of the claims as amended 
are respectfully requested. 

Claim Rejections - 35 USC § 112, second paragraph 

The Examiner rejects claims 3, 11-13. 18-20, 22, 30-32. and 47^9 under 
35 U.S.C. 112 second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the 
invention. The Applicant traverses the rejection. 

The Examiner rejects claims 3 and 22. Claims 3 and 22 have been 
cancelled. 

The Examiner rejects claims 11 and 30, and dependent claims 12-13 and 
31-32. Claims 11, 12. 13. 30. 31, and 32 have been cancelled. 

The Examiner rejects claims 18 and 47, and dependent claims 19-20 and 
48-49. Claims 18, 19, 20, 47, 48. and 49 have been cancelled. 

The Examiner states that the dependent claims cited in this rejection fail 
to further limit the claims from which they depend. The Examiner suggests that 
the claims be placed in a product -by-process fomnat. New claims 50-57 reflect 
that suggestion. The Examiner also suggests that the claims should be drafted 
in terms of methods of making a plant by comprising transfonming the 
exemplified plant of claim 2 or 21 . New claims 54-57 reflect that suggestion. 

Claim Rejections - 35 USC § 112, first paragraph 

The Examiner rejects claims 3. 9-20, 22, 28-32. 34-44 and 47-49 under 
35 U.S.C. 112, first paragraph, as containing subject matter which was not 
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described in the specification in such a way as to reasonably convey to one 
sl<illed in tlie art that the inventors, at the time the application was filed, had 
possession of the claimed invention. The Applicant traverses the rejection. 
Claims 3, 11. 12, 13. 14. 17. 18, 19. 20. 22, 30, 31. 32. 34, 35, 36, 44, 47, 48, 
and 49 have been cancelled. Claims 37, 38, 39. 40, 41 . 42, and 43 have been 
amended. New claims 50-57 have been added. 

The Examiner rejects claims 11, 15-16, 30, 34-35 and their dependent 
claims and states that the claims "are broadly drawn to any transgenic plant 
which contains any heterologous transgene of any sequence conferring any trait, 
and methods of making and using the transgenic plants." The Examiner rejects 
claims 3, 18-20, 22, and 47-49 and their dependent claims and states that the 
claims "are broadly drawn to any 'single gene conversion' plant comprising one 
or more traits including male sterility introgressed into the claimed variety by 
backcrossing or other traditional means, and methods of using these plants." 
The Examiner states that "no guidance has been provided for the Introgression 
of any single trait from a multitude of non-disclosed and uncharacterized 
parentals into the claimed variety, wherein said introgression should result in 
successful expression of the desired trait but should not interfere with the 
expression of the remaining traits whose combination confers patentability to the 
instantly exemplified variety, and which introgression should not Introduce 
unwanted linked genetic material into the exemplified cultlvar which would disrupt 
its patentably unique genetic complement." 

Claims 3, 11, 12, 13, 18, 19, 20, 22. 30, 31. 32. 47, 48, and 49 have been 
cancelled to place the claims In the method and product by method format 
requested by the Examiner. New claims 50, 52, 54 and 56 are drawn to 
methods, while their depending claims are drawn to the products produced by 
those methods. The claims include the well known methods of producing 
backcross and transgenic conversion plants. The product by process claims are 
further limited by specified conversion or transgenic traits, which include the 
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traits of insect resistance, herbicide resistance, disease resistance, waxy starch, 
and male sterility. 

While the Examiner slates that the clainns encompass "any transgenic 
plant which contains any heterologous transgene of any sequence conferring 
any trait", the Applicant points out that it is not claiming so broadly as to claim 
any maize plant, regardless of source, comprising those traits. The Applicant is 
claiming PH4GP or a limited set of plants derived therefrom that have obtained 
significant genetic contribution from PH4GP. 

Applicant respectfully points out that examples of transgenes, genes, and 
traits that can be backcrossed into the PH4GP are given in the application on 
page 21, lines 16-34, and also on page 23, line 20, through page 33, line 4. In 
order to expedite prosecution new claims 51 and 55 list the type of traits that 
may be confenred by backcross conversions and transgenes. Claim 51 also 
specifies that PH4GP is used at least twice as a recurrent parent in the 
development of a backcross conversion plant. Breeders, by using molecular 
markers, may obtain up to 98% genome identity between the backcross 
cxjnversion and the recurrent parent after two backcrosses. See Marker-assisted 
Selection in Backcross Breeding, Openshaw. S.J. et al. Marker-assisted 
selection in backcross breeding. In: Proceedings Symposium of the Analysis of 
Molecular Data, August 1994, pp. 41-43. Crop Science Society of America, 
Corvallis, OR (1994) included as Appendix A . Inbred PH4GP transformed to 
comprise a transgene is also easily identifiable through the use of molecular 
markers. The transgenic version of PH4GP would have the same molecular 
profile as PH4GP, with the possible exception of a marker used in the profile that 
Is located at the site of transgene insertion. However, in this case, the plethora 
of other identical markers would identify the line as a transgenic variant of 
PH4GP. 

Applicant points out to the Examiner that, at the present time, it is not 
typical that a transgene be incorporated into each newly developed line, such as 
PH4GP, by direct transformation. Rather, the more typical method used by 
breeders of ordinary skill in the art is to incorporate the transgene into a new line 
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by taking an already transformed plant line and using it as a donor line to 
produce a backcross conversion. Thus, tlie well established method of 
backcrossing has been used and is the most common means of introgressing 
the claimed traits into new material. 

In the specification on page 4, lines 7-13, it states, "Backcrossing can be 
used to transfer a specific desirable trait from one inbred or source to an inbred 
that lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
carries the appropriate gene(s) for the trait in question. The progeny of this 
cross is then mated back to the superior recurrent parent followed by selection in 
the resultant progeny for the desired trait to be transferred from the non- 
recun-ent parent." The method of backcrossing genes into an inbred maize plant 
is well known and well understood to one of ordinary skill in the art. The method 
has been successfully used since the 1950's (see pages 585-586 of Wych. 1988 
included in the Infomnation Disclosure Statement). In the specification, on page 
21. lines 16-34, there is a description of how to backcross traits into PH4GP, 
which includes the claimed traits. Examples of how one of ordinary skill in the art 
can transfer a gene conferring a qualitative trait into a variety through 
backcrossing is demonstrated by the fact that the commercial market now 
distributes a multitude of products produced in this manner. Such conversion 
lines are easily developed without undue experimentation. Poehlman et al. 
(1995) on page 334, submitted in the information disclosure statement, states 
that, "A backcross-derived inbred line fits Into the same hybrid combination as 
the recun-ent parent inbred line and contributes the effect of the additional gene 
added through the backcross." Wych (1988) on page 585-86, also submitted in 
the infonnation disclosure statement, discusses how the male sterility trait is 
routinely backcrossed into an inbred line and how this is used to produce a 
sterile/fertile blend of an F1 hybrid in order to reduce seed production costs. In 
fact, many commercial products are produced in this manner, and those of 
ordinary skill in the art consider the F1 hybrid produced with the male sterile 
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(backcross conversion) inbred to be the same variety as the F1 hybrid produced 
with the non-backcross conversion inbred. 

As a result of the repeated use of the recun-ent parent, the backcross 
conversion has many genetic alleles in common with the recurrent parent. Thus, 
genetic analysis may be used as a means of identifying the backcross 
conversion. The F1 hybrid made with a transgenic version or a backcross 
conversion of PH4GP is also identifiable by the use of genetic markers, because 
the hybrid would contain one set of alleles from each parent. The Examiner 
also states that the Applicant has not characterized parentals. Applicant 
respectfully disagrees. In a backcross conversion the deposited material is 
repeatedly used as the parental line. 

The Examiner rejects claims 9-10, 12-17, 28-32, and 34-44 and states 
that the claims "are also broadly drav^n to any plant produced by crossing the 
exemplified inbred line with any of a multitude of non-exemplified plants, or any 
descendents of the exemplified cultivar obtained by using that cultivar as one 
parent in a series of undisclosed crosses for an undisclosed number of 
generations and with undisclosed breeding partners." 

The Examiner rejects claims 9, 10, 28, and 29, that claim the F1 hybrid 
seed and F1 hybrid plant made v^ith PH4GP as a parent. Applicant notes that a 
claim to the F1 hybrid made with a deposited inbred was expressly 
acknowledged without reservation by the United States Supreme Court In J.EM. 
Ag, Supply, Inc. v. Pioneer Hi-Bred Intl Inc.. 60 USPQ 2d 1865,1873 (S Ct. 
2001), when the Supreme Court wrote, "...a utility patent on an inbred plant line 
protects the line as well as all hybrids produced by crossing that inbred with 
another plant line." Further, one of ordinary skill in the art would know how to 
cross PH4GP with another maize plant. The F1 hybrid seed and plant produced 
using PH4GP, regardless of the other maize plant used, is identifiable because it 
will have one set of alleles coming from PH4GP. One of ordinary skill in the ark 
would be able to run a molecular profile on PH4GP and the F1 hybrid and be 
able to identify the F1 hybrid as being produced from PH4GP. Seed pericarp 
tissue, which is solely maternal in origin, can be used to discern the maternal or 
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paternal origin of the allele sets if necessary. See page 16 of Poethig, R.S. 
1982. Maize, the plant and its parts. In: W.F. Sheridan (Ed.) Maize for 
Biological Research, University of North Dakota Press, Grand Forks, ND. pp. 9- 
18, submitted as Appendix B . 

As stated In the specification on page 16, lines 8-23, there are many 
laboratory-based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms 
(RFLPs) and Simple Sequence Repeats (SSRs). Such techniques may l^e used 
to identify v/hether or not PH4GP was used to develop a hybrid. The Applicant 
also submits to the Examiner the journal article by Berry et al. (2002). This 
article discusses the probability of identifying the parents of the hybrid by SSR 
data when neither parent is known and without the use of pericarp analysis. A 
copy of the article by Berry et al. is attached to this Amendment and Request for 
Reconsideration as Appendix C, The results of the experiment showed that 
using 100 SSR loci markers resulted in correct parental ranking of inbreds for 53 
out of 54 hybrids. Applicant also points out that any breeder of ordinary skill in 
the art will know the identity of both parents used to produce a hybrid. 

The Examiner rejects claims 12-17, 30-32, and 34-44. Claims 12-14. 17, 
30-32, 34-36, and 44 have been cancelled. Claims 15, 16, 28, and 29 remain 
pending and are to methods of developing a maize plant through the utilization of 
PH4GP. Applicant points out that anyone of skill in the art would know how to 
utilize the well established breeding methods with PH4GP. Description of such 
occurs throughout the specification and descriptions can also be found in 
introductory plant breeding books. Claims 40-43 remain pending and have been 
amended. Claim 40 is to the method of producing a first generation PH4GP- 
derived hybrid maize plant. Applicant believes the patent office has previously 
Indicated this claim scope as allowable and requests that this rejection be 
withdrawn. Claim 41 is to the first generation PH4GP-derived hybrid maize plant 
produced by the method of claim 40. The first generation hybrid, or F1 hybrid, is 
identifiable through both breeding records and molecular marker techniques as 
discussed above. Claim 42 is to the method of selfing the first generation hybrid 
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PH4GP for successive filial generations. This is a basic and well known 
breeding methodology, and the use of this methodology with PH4GP is 
described in the specification on page 21, lines 1 to 15. 

Claim 43 is to plants derived from claim 42 that have at least 50% of their 
genetics derived from PH4GP. These claimed plants are clearly described by 
their method of production, which requires the use of PH4GP. Such plants must 
be produced through the use of PH4GP and the Examiner acknowledges that 
PH4GP is clearly identified. Further. Applicant has added the limitation of at 
least 50% inheritance from the PH4GP side of its pedigree to further emphasize 
the significant influence of PH4GP in the claimed product. Genetic inheritance 
has been accepted by both courts and governmental agencies as an accurate 
and reliable means of identification. In paternity cases courts routinely compel 
genetic testing of putative fathers to establish paternity, and federal law 
mandates that states have laws requiring that genetic test results be admissible 
in such cases without the necessity for foundation testimony or other proof. 42 
U.S.C. 666(a)(5)(F)(iii)(Supp. V 1999). In such cases, a child will, on average, 
inherit 50% genetic contribution from each parent. Similarly, the plants produced 
by the method of claim 42 will also, on average, inherit 50% genetic contribution 
from each parent. 

Applicant requests that the Examiner examine the sufficiency of 
description of claim 43 with all of Its claim limitations, including the limitation that 
the progeny be produced by the method of claim 42, with the use of PH4GP and 
retaining at least 50% genetic contribution from PH4GP. One of ordinary skill in 
the art would know how to cross PH4GP to develop an F1 hybrid and also how to 
self plants derived from the cross with PH4GP. In Ex parte Parks, 30 USPQ 2d 
1234 (B.P.A.I. 1994), the Board of Appeals stated, "Adequate description under 
the first paragraph of 35 U.S.C. 112 does not require literal support for the 
claimed invention. Rather, it is sufficient if the originally-filed disclosure would 
have conveyed to one having ordinary skill in the art that an appellant had 
possession of the concept of what is claimed." Emphasis added. In J E.M. Ag. 
Supply, the Supreme Court also acknowledged the value of a newly developed 
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line in further breeding, when it stated that, '...a breeder can use a plant that is 
protected by PVP certificate to 'develop' a new inbred line while he cannot use a 
plant patented under §101 for such a purpose." Id. at 1873. 

The Examiner cites the Federal Circuit as stating that the written 
description of an Invention "requires a precise definition, such as by structure, 
formula, [or] chemical name, of the claimed subject matter sufficient to 
distinguish it from other materials." University of California v. Eli Ully and Co., 
119 F. 3d 1559. 1568; 43USPQ2d 1398. 1406 (Fed. Cir. 1997). The Applicant 
has fulfilled this written description requirement through the seed deposit of 
PH4GP. As described in the specification, lines 8-23 on page 16, the seed 
deposit allows one of ordinary skill to run a molecular profile of PH4GP. 
Applicant submits the molecular profile of inbred line PH4GP in the declaration of 
Dinakar Bhattramakki attached hereto as Appendix D . Further Applicant amends 
the specification to include such SSR profile. Such SSR profile is not new 
matter, as It is an inherent feature of inbred line PH4GP. a representative sample 
of which has been deposited with the ATCC. For example, see Ex parte Marsili, 
Rosetti. and Pasaualucci . 214 USPQ 904 (1972), in which the Patent and 
Trademark Office Board of Appeals held that it was not new matter to amend the 
structure of a compound when a more refined analytic investigation showed a 
con-ected fonmula. The Board, relying on well established cases of ln_re Nathan 
et al . 51 CCPA 1059, 328 F.2d 1005, 140 USPQ 601 (1964); In re Sulkowski. 
487 F.2d 920, 180 USPQ 46 (CCPA 1973); S pero v. Rinqold . 54 CCPA 1407, 
377 F.2d. 652, 153 USPQ 726 (1967), and Petisi et al. v. Rennhard et al. . 53 
CCPA 1452, 363 F. 2d 903, 150 USPQ 669 (1966) concluded that the "products 
described, exemplified and claimed by Appellants inherently had and have now 
the structure given in the amendment in question. Consequently, the changes 
made in this amendment do not constitute new matter. Marsili at 906. Similarly, 
in the present case, inbred line PH4GP inherently had and still has the SSR 
marker profile being added. One of ordinary skill in the art can use molecular 
markers to identify PH4GP, a transgenic version of PH4GP, a backcross 
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conversion of PH4GP and the F1 plant of the transgenic version and backcross 

conversion of PH4GP. 

The Applicant would also like to point out that the specification also 
identifies PH4GP with phenotypic descriptions. Various examples of breeding 
methods, transgenes, transformation procedures, and F1 hybrid production are 
given in the specification. The mean values of traits for numerous F1 plants, 
wherein PH4GP is the parent and other numerous maize plants are the second 
parent, are given in Tables 3A-3B. pages 41-42. Table 4, on page 43, contains 
mean values of traits to a specific F1 wherein PH4GP is a parent. 

The Examiner also stated, in reference to Lilly, that, "the court also 
concluded that 'naming a type of material generally known to exist, in the 
absence of knowledge as to what that material consists of, Is not a description of 
that material. Id." This is not the case here. Applicant has created a novel line 
and seeks a scope of protection that adequately protects the invention. 
Applicant believes that the derivatives, variants and closely related progeny 
easily and routinely created by use of this newly developed line are 
encompassed within the scope of the invention of the variety itself. These 
derivatives, variants and closely related progeny derive direct and substantial 
benefit from Applicant's work and deserve to be included within the scope of the 
claims. Thus, the issue here is patent scope around what has already been 
created (and deposited) by Applicant. The fact that the progeny have not been 
created does not prevent them from being protected in this manner. As stated in 
MPEP 2163 (3) (a), "An invention may be complete and ready for patenting 
before it has actually been reduced to practice." 

In Enzo vs. Gen-Probe . U.S. State Court of Appeals for the Federal 
Circuit, 63 USPQ 2d 1609, the court reversed its prior decision regarding the 
insufficiency of the deposited genetic probes to meet the written description 
requirement In so holding, the court stated, " As the deposited sequences are 

about 850, 8500. and 1300 nucleotides long there are at least hundreds of 

subsequences of the deposited sequences, an unknown number of which might 
also meet the claimed hybridization ratio. Moreover, Enzo's expert, Dr. Wetmur, 
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Stated that 'astronomical* numbers of mutated variations of tlie deposited 
sequence also fall within the scope of those claims, and that such broad claim 
scope is necessary to adequately protect Enzo's invention from copyists who 
could otherwise make minor change to the sequence and thereby avoid 
infringement while still exploiting the benefits of Enzo's invention. The 
defendants assert that such breadth is fatal to the adequacy of the written 
description. On the other hand, because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well be that 
various subsequences, mutations, and mixtures of those sequences are also 
described to one of skill in the art We regard that question as an Issue of 
fad.,.." 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. PH4GP is a unique inbred, as 
evidenced by the morphological and physiological traits given in Table 1 , pages 
18-20, of the application. Routinely used molecular techniques, discussed on 
page 16, lines 8-23 of the application, can be u^ed to verify whether PH4GP is 
within the pedigree of a claimed plant One of ordinary skill in the art would also 
know from breeding records if PH4GP were utilized in the development of a 
claimed plant 

As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all 
its limitations using such descriptive means as words, stmctures. figures, 
diagrams, and formulas that fully set forth the claimed invention. Possession 
may be shown in a variety of ways, including... by describing distinguishing 
identifying characteristics sufficient to show that the applicant was In possession 
of the claimed invention." 1255 Official Gazette 140 (Feb. 5, 2002). Phenotypic 
traits are used in the text of the specification. Genetic and other molecular 
profiles may be obtained from the deposit. Once a line is identified as being 
PH4GP. one Of ordinary skill in the art would also easily be able to detemnine 
which progeny they develop from that line fall within the scope of the claims. 
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Within the plant breeding arts breeders use pedigree as a means to 
characterize lines in reference to their progenitors. It is unambiguous and easily 
traceable through breeding records that are maintained by any breeder of 
ordinary skill in the art. It indicates that a line fewer crosses away from a starting 
line will be. as a whole, more highly related to the starting line. Thus, the work of 
the original breeder in developing the starting line will be retained in the closely 
related progeny. More specifically, traits and linkage groups present in PH4GP 
will be retained in progeny that are within one outcross from PH4GP. Applicant 
submits that characterization of the progeny of PH4GP by virtue of their filial 
relationship is a clear and acceptable means of identification. Not only are filial 
descriptions used by breeders to evaluate materials for use in their breeding 
programs, but it is standard practice within the plant breeding industry for 
universities and companies that license inbred maize lines to retain a royalty 
from lines developed through the use of their inbreds. Those royalties are, in 
almost all cases, based on the filial relationship between the licensed inbred 
used in breeding and the progeny line commercialized. This is further evidence 
that those of ordinary skill in the art of plant breeding describe progeny in terms 
of pedigree and find it an acceptable means of characterization. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which the Applicant files a patent application. Once developed, the inbred line is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain the original 
inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH4GP would be greatly advantaged by being able to use PH4GP as 
starting material. This is because the linked genes arranged through Applicant's 
breeding efforts, and fixed in PH4GP, can be maintained in the progeny of 
PH4GP by a breeder of ordinary skill in the art. The end result is the 
development of an inbred line with substantial benefit from the Applicant's work. 
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PH4GP-derived progeny are described by the fact ttiat PH4GP is utilized 
in a breeding program to make the PH4GP-derived progeny. PH4GP gives 
genetic contribution to the PH4GP-derived progeny, and the genetics of PH4GP 
are described by ATCC deposit of PH4GP seed. By limiting the progeny to one 
outcross away from PH4GP and by limiting the progeny to those that contain at 
least 50% of their genetics from PH4GP, the Examiner's concern that the 
progeny may be only distantly related to PH4GP is addressed. 

Applicant would also like to emphasize that PH4GP cannot be derived 
through any other means than through PH4GP seed and plant, nor can the 
Influence of PH4GP on the progeny be removed from a line within one outcross 
of PH4GP. To view this claim as one of breadth ignores an essential limitation of 
the claim; that only a plant developed through the use of PH4GP is within the 
scope of the claim. Such a plant could not be obtained without the use of 
PH4GP, so the claim would not in any way restrict the work of a breeder that did 
not In fact use PH4GP. Compliance with the written description requirement is 
essentially a fact based inquiry that will "necessarily vary depending on the 
nature of the Invention claimed." Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing In 
re DiLeone, 436 F2d. 1404, 1405). Thus, the compliance with the written 
description requirement must be judged in view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of 
progeny, progeny whose existence is the direct result of the use of PH4GP. This 
is in harmony with the statement in section 2163 of the MPEP that "the written 
description requirement promotes the progress of the useful arts by ensuring 
inventions are adequately described in the specification in exchange for the right 
to exclude." That quid pro quo of patent law has been met by the Applicant in 
the present case, and to use written description to deny adequate patent 
protection would be contrary to the stated purpose of the written description 
requirement. 

The Examiner also rejects claims 37-39 under 35 USC § 112, first 
paragraph. Claims 37-39 have been amended for clarification purposes. Claims 
37-39 are directed to growing out an F1 hybrid in which PH4GP is a parent and 
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searching for PH4GP inbred seed. Due to the imperfect process of seed 
production parent seed can sometimes be contained in the hybrid seed bag. 
This claim covers the method of searching for inbred PH4GP seed within a bag 
of hybrid seed. The method is clearly described In the specification on page 5. 
line 21 through line 7 on page 6. One of ordinary skill in the art can practice such 
a method without undue experimentation. The Applicant requests that the 
Examiner withdraw his rejection to claims 37-39. 

The Examiner rejects claims 3. 9-20. 22. 28-32, 34-44, and 47-49 under 
35 U.S.C. 112, first paragraph, as containing subject matter which was not 
described In the specification in such a way as to enable one skilled in the art to 
which It pertains, or with which it is most nearly connected, to make and/or use 
the invention. Applicant traverses the rejection. 

With the exception of the arguments pertaining to Hunsperger et. al., Kraft 
et, al. and Eshed et, al., the Examiner provides nearly identical arguments for the 
112. first paragraph, lack of enablement rejection as those provided for the 112, 
first paragraph, lack of written description rejection addressed above. 

To avoid repetition, Applicant respectfully requests that the Examiner 
consider the arguments made In response to the 112, first paragraph, lack of 
written description rejection as also applicable to the 1 12, first paragraph, lack of 
enablement rejection. In addition, the Applicant directly addresses the 
arguments raised by the Examiner that relate to Hunsperger, Kraft and Eshed. 

The Examiner has cited Hunsperger. Kraft and Eshed and stated that 
they "teach that it is unpredictable whether the gene or genes responsible for 
confemng a phenotype in one plant genotypic background may be introgressed 
into the genetic background of a different plant, to confer a desired phenotype in 
said different plant." The Examiner states that. "Hunsperger et al teach that the 
introgession of a gene in one genetic background in any plant of the same 
species, as perfomned by sexual hybridization, is unpredictable in producing a 
single gene conversion plant with a desired trait (see, e.g., column 3, lines 26- 
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46)." Applicant's respectfully disagree that this is what is taught by Hunsperger 
et al. Hunsperger et al. teaches that a gene that results in dwarfism of a petunia 
plant can be incorporated into other genetic backgrounds of the petunia species 
(See column 2, line 67 to column 3, lines 1-4). Hunsperger et al. merely 
discusses the level of the expression of that gene differed in petunia plants of 
different genetic backgrounds. Hunsperger et al. succeeded in incorporating the 
gene into petunia plants of different genetic backgrounds. Therefore, Hunsperger 
et al. support the fact that one can introgress a specific trait into a recurrent 
parent through backcross conversion. Applicant's specification provides ample 
disclosure of starting materials such as maize inbred PH4GP, a discussion of 
traditional breeding methods, and examples of transgenes and naturally 
occurring genes that may be used in such methods. Hallauer et al. (1988) on 
page 472, submitted in the infomiation disclosure statement, state that. Tor 
single gene traits that are relatively easy to classify, the backcross method is 
effective and relatively easy to manage." The teaching of Hallauer relates 
specifically to com breeding and corn inbred line development, while Hunsperger 
et al relates to petunia. 

The Examiner goes on to state that, "Kraft et al. teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotype- 
specific and loci-dependent in nature (see, e.g., page 323). " Applicant disagrees 
that the article states such points. Kraft et al. make no mention of a plant 
comprising a single gene conversion. Further, Kraft et al. relates to linkage 
disequilibrium and fingerprinting in sugar beet, a crop other than maize. Kraft et 
al. state, on p. 326, first column, "The generality of our results for other crop 
species needs to be investigated." 

It is understood by those of skill in the art that backcross conversions are 
routinely produced and do not represent a substantial change to a variety. The 
World Seed Organization, on it's web site, writes, "The concept of an essentially 
derived variety was introduced into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the 
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gap between Plant Breeder's Rights and patents," As determined by the UPOV 
Convention, essentially derived varieties may be obtained for example by the 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the initial variety, bacKcros$inq. or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
Initial variety." Intemational Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14, Section 5(c). 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the Worid Seed Organization web site is attached as Appendix E- 

An example of how one of ordinary skill in the art can transfer a gene 
confen-ing a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
infonnation disclosure statement, states that, "A backcross-derived inbred line 
fits into the same hybrid combination as the recurrent parent inbred line and 
contnbutes the effect of the additional gene added through the backcross." 

The Examiner goes on to state that, "Eshed el ai. teach that in plants, 
epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may effect quantitative traits in a 
genetically complex and less than additive fashion (see, e.g.. page 1815). The 
Applicant would like to point out on page 1815. column 1. lines 1-5 of the Eshed 
et al. article it states, "Recent studies that detected epistasis of selected QTL in 
Drosophila (Long et ai. 1995), soybean (Laric et al.1995) and maize (Doebley et 
al.1995; Cockerham and Zeng 1996) did not show a less-than-additive trend." 
Emphasis added. Applicant also adds that transfen-ing a qualitative trait does 
not require undue experimentation. Please note Hallauer et al. (1988) on page 
472, submitted in the information disclosure statement, which states, "For single 
gene traits that are relatively easy to classify, the backcross method is effective 
and relatively easy to manage." Claim 51 has been amended to expedite 
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prosecution. In claim 51, the genes transferred into PH4GP are now limited to 
the traits of herbicide resistance, insect resistance, disease resistance, male 

sterility, and waxy starch. 

The Examiner alleges that Applicant's traversal of the art rejection on 
pages 7-8 of the amendment of 12 August 2002 "admits that outcrossing the 
exemplified inbred to another undisclosed plant is unpredictable." Applicant's 
statements on pages 7-8 of the amendment of 12 August 2002 make the point 
that it is not possible to use the cited prior art line F361 to produce a line that is 
the same as PH4GP or any of the claimed progeny of PH4GP. Applicant did not 
in any way state that it would be unpredictable to introgress a gene into PH4GP 
through backcross breeding techniques ortransfomnation. 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 
35U.S.C. 112. 

Claim Rejections under 35 U.S.C. § 102 and 1 03 

The Examiner states that, "Claims 14 and 43 remain rejected under 35 
U.S.C. 102(b) as anticipated by or in the alternative, under 35 U.S.C. 103(a) as 
obvious over Dowden (U.S. Patent No. 5,880,339)." Applicant traverses the 
rejection. 

Applicant has cancelled claim 14. Applicant has amended claim 43. 
Claim 43 is limited to progeny produced by the method of claim 42, which 
requires the use of PH4GP. and is further limited to progeny deriving at least 
50% genetic contribution from PH4GP. 

The Examiner has made several objections which relate to written 
description and these were addressed in the response to the written description 
section above. The Examiner then makes the statement that "It is unclear and 
unlikely that the genetic material that remains in the first generation progeny 
retain the unique genetic and morphological complement of the exemplified 
inbred. ..Furthermore, since the individual traits exhibited by the exemplified 
inbred are not unique to the exemplified inbred, either by degree of expression 
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nor genetic means of inheritance, a descendent of the exemplified inbred 
containing no genetic material from it could still exhibit these individual traits, and 
could still possess the same genetic means for conferring these traits as did the 

exemplified inbred," 

Applicant responds that such a described inbred is not within the scope of 
the claim as amended, because it would not have at least 50% genetic 
contribution from PH4GP. Further, the benefit of the invention relates not to 
plants comprising these traits in general, but plants that comprise these traits 
through the use of PH4GP and the work of Applicant in fixing these traits and 
linkage groups in PH4GP. Nothing in claim 43 would restrict a breeder from 
making, using or selling a line with all of the same morphological and 
physiological characteristics of PH4GP or the plant of claim 43, so long as such 
plant was created without the use of PH4GP. 

Further, as evidenced by the declaration of Stephen Smith submitted as 
Aooendix F . both PH4GP and its progeny within the scope of claim 43 are 
distinct from F361 taught in U.S. Patent No. 5,880.339. 

In light of the above. Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1-49 under 35 U.S.C. 102 (b) 
and 103(a). 

Claims 1, 2, 4-10, 15-16, 21, 23-29, 37-43, and 50-57 are now pending in 
the application. The amendments made herein do not in any way change the 
claim scope which the Applicant believes is allowable but is meant to hasten the 
issuance of the patent. 

CONCLUSION 

Applicant submits that in light of the foregoing amendments and the 
remarks, the claims 1. 2, 4-10. 15-16. 21. 23-29, 37-43, and 50-57 are in 
condition for allowance. Reconsideration and early notice of allowability is 
respectfully requested. If it is felt that it would aid in prosecution, the Examiner is 
invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 
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Marker-assisted Selection in 
Backcross Breeding 



S J. Opensbaw 



Pioneer HUBred Intl Inc., P.O. Box 1004^ Johnston, lA 50231 
S.G- Jarboc^ 

CIMMYT, Lisboa 27. Apdo. Postal 6-641; 06600 Mexico, D.R, Mexico 
W.D* Beavis 

Pioneer HUBred Intl Inc., RO. Box 1004, Johnston, lA 50121 

AbSfracL Th« bflckcrosi bne«dln2 procedure haa b«Mi as«d widely to transfer simply iAh«rited trBifct Into elite z^notyp^. 
Cenetic mufcen cu lacrc^e the effectiveness of backeroiilag by 1) itwintMing the probablUty of obtalninj ft suitable 
cottVWSioa, and 2> decnaslne the Hng required io achUtc «n««ecpt&b[« rccftvcrr. SlmnlAtiott and Held reauJb indicated 
that, tor a geuotae COwLstlng of fcen IQQ-tM chromosomw, basing selection oa 40 or 80 nimrk«n in 50 BC Indlvldiials that 
carry the aUele b«lttg tranrferred on reduce the BUlnber of backcross generations aceded ItQtA about sctcii to thrt^ 

^RP jhown in I. and h*ve largely ignored di« genolic 
variation for %RP that exists around rho expected mean* "With 
the development of fien^UcTn^kftrs capable of providing good 
gervomAcoverage, there hu been i^tec&SCifi takUk£ advaxiiag^ Of 
(hat vviiiion tu iTicj-cAso the efficiency of bockciOSSirig. 

Se]ecdan for RP marker olldbti cAn increase gr^y the 
of fedivcness of backcro3S programs by allawing the breeder to 
1) scleci backcross pUnts ihac have a higher proportion of RP 
genome, and 2) seleec bncVcross Individuals that tu-e betier 
conversions nftar a mapped dofior aDela being trapjfB^TBd (t.e^ 
sclectforless linkage drag). E)<pre5S0d inpracdcal terms, using 
genetic raarken to assist teJccTOSWng can 1) Incrax^e the 
pcobthilicy of obcaiaing a suU&bld convcrsiCMif and 2) docrease 
ihc time required to achieve an (iccepiable rt^oveiy. 

Issues to consider when plannlag a nwker^assisicd back- 
cross pcogfftin Include I) the tlitie Advantage of using markers 
to a^lst backcross I n£. 2) dteaombcr of nnarken needed, ^nd 5) 
die number of gtnotypoB to evaluiia- In this rcpori, we vise 
results from previous lilcrature, computer slnwUtjon, and em- 
pidcal studias to pravide lome suideUnes- 
r*t)l» 1. fSJ^€Ct0fd ritfmwry efncurnnt partM (RP) ^^KMn* during 



nri 



\hB backcross breeding procedure hu been used widely 
I to tx^nsfer simpty lnhented t^ts mtg «lke genotypes, 
A Usually, die trak beiag ti»JiAfcrred li controlled: by a 
lingle gene, but highly hcriuble traits ibat are more coinptaly 
inherited have also been transferred SUCeesSfuUy by boekeresa* 
ing; for example, malurity in nuize CFinke and Scntz, \HU 
Shaver. 197$). Today, baekcrD£»n£ ia being utiod to cnuvsF&r 
geces introduced by such techniques as trnAkform^TloA or 
mutation imo &ppropri»te gennptUBL. ; 

Several plant brrcding textbooks give good dcscrip<ioiU of 
the backcToaa procedura CAUard. I960; Fchr, 19fi7). A donor 
parent (DP) carrying atrait of imaftst it crossedto the rccimeni 
parent (W^, tn eliie Une that l9 lacking the utiU. The F, U 
crossed back to the R? to produco d>e BC, ffeneradon* Io the 
BC, and subsequent backcross gcftct^itlotti. selected Individu- 
als carrying the gcoe being transferred are backcrossed 10 die 
RP, The expected propcjrttQn of DP gCBOire is reduced by half 
wii each generation of backcrusslns. Ignoring effecc; of link- 
age to the selected D? Allele being trazufcxrcdt the percentage 
recurrent parent C%RP) genome expected in each backciosg 
gencradon ia caJcuIated aS: 

9&RI>*100 [l-(0 5r'] 

where n iifi thjfr number of backi^^tossAS, 

Bockcrossing Ot selected plaints to the RP cai^ be tcpetted 
each cy clft until a line is obtained that is eiaentially a wrilon of 
the RP that includes the introeresscd allele- sU> back- 
crosses, the expected recovery Is >99% CTthlo I). 

Until nxeitdy, diBCUSsions cif the teeovery of the RP gcnciffle 
during backcrossing have errvpHasia^d the a»pecced valu«» for 

A/iafef Ji> e)f l^^oUcular Marker Daia 



BC, 
BC, 
BC, 

BC, 
8C, 



50.0000 
75.0000 
87J00O 
93.7500 

98.*37S 
99.2 1 
99.6094 
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The maize |enome was the model for the »imiil&Uon. The 

■ jifnulatcd genome CO nialnedien200-cMchroTnosomo5-Sitnu- ' 
Urton orcrossvng over was based on t Poi«on dlstrlbutiort wiih ' 
I mean of 2.0 (X = 2) (KanSan, ld59), which, orv avcraec 
generated one croaA civer for every 1 00-cM length. The simuU- 
dons reponcd here A^fume no mccrferenca. CodOTninvHt ge- 
aBdc markers wore evenly dijcributcd In the ^cnomr and sites 
of the donor ^ene were razidomly M*ign«d to gcnom* locaiions. 

■ SiniulaiiQH5Nv«ra conducted wirhihe following parameters: 

Number of progeny: 100 or 500- 

BackerO£« gctientionft: BC^ BC^, and BC^. 

Number of marWei^i! 20, 40, 50. or 100. 

Number tclccted ci? form *e n»«tt5C generation: 1 or 5. 

Selection ww bftacd on 1) presence of the donor allele And 2) 
high %I(F). wu c&SciJAtcd as the ftv^mge of the (one or 
frve) (elected individuals. Values prenent^i m the Tnean of 50 
simUlBCiOrtS. 

Resolti 

Jfi Che computer simtilation study, all methods modeled 
greatly increuad the ^peffd of recovertag the R? genome ; 
, compart to Ok expected recovery with no maHcer-a^sisted [ 
• cdection (compBie Tablu ] and 1). Ac le&SK ftO markers were ; 
. required to ttcOv«r 99% i>f the RP genome in just three BC : 
gcamtions (Table 2). Use of at least 80 murken and 500 
progeny allowed recovery of 98% RP in Just two BC genera 
dons. Heipon^e to jelection was diminished only slif^dy by 
spreading tha effort over five selectione. Ufiiitg markers, iha 
nmnberofbAfkcross eeneiatians neede<{ to conven an Inbred Is 



reduced from about seven co three. 

By the BC^ gefieralion. there appears to be no ptaciieal 
•dvanufic to uslftg SOO vs, 100 individuals. If Uie pwserKo of 
(he donor trak In the bacltcrois individual! can be ascenained 
beFore markers are geno:ypod» then only half the number of 
IndiYiduaU indicated in the tables mH need to be analyzed. 

When & Sxnall number of markers are uaed* they quicUy 
became non-infornu^ve; i.c.» Sclecuon causes the marker loci 
to became fixed for (he RP cype bcibne the rest of the genome 
!a fully convefwd (T*ble 3; Hospital or al., 19W). Thii >iaiadoh 
was mo9t promincQt In the largar populadons, where a higher 
Selection inLensiry placed more xelection prcsiure upon the 
muicer \oe.\. Accordingly » it is of intereac ro conEidar how 
Cloiely the estiination of foN based on marker? reflects ihc 
actual genome composfdon. Thecomhination of esdrnaiion of 
%RP bftsed 00 fewer markers and subsequent lelecilon tends to 
biu the estimates upward (compare Tables 2 and 3). 

The results from iba simulaclon compare well with real iield 
d^ia, In atypicalexaxDplciSOBC, plancscuryln^ Lheganebelne 
transferred were geno typed at 83 polymorphic RFLP loci (note 
(hat this correapondi to a popuUdon size of 100 unselected 
plants in Tables 2 and 3). The five beat BC. recoveries had 
eicimated %RP values of 85.99&, 82.7%, 82.0%, 81.4%, and 
81.2%. After cvttiueting \ 0 BC^ plants hczn each selected BC, . 
dtc best BC, recovery had an estimated %RP of 9A.6%< 

DtscUAsian 

The simulations (Table 2; Qotplul e( al*, 1992) and our 
experience i adlcaio drial four markers per 200-cM chrotnoiome 
is adequate to greatly lAorcase the effecilvencs& of selection in 
the BC,. However, using only fow markers per 200 cM wHI 
likely mukc ic voy difficult Co map xhe locarion of ths gene of 
Interest. Adequete-sufninarixarlon of the data is an tmpcmni 
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: P^of a mikrktir«a{isistBdbackcros« prognim. Ideally , the mark- 
ed us&d caa supply iJ«t4 [hat cm be rcpwented as allel n ofloci 

' with known map poslCioA. Eilimatlon of 99RF, mapping the 
potfltioc or Che locu9 of mCeresl, and graphict) displsy of the 
ftsulu CVoun; and T&nkalcy, 198^} arc all useful in under* 
leading and contralUn^ the ipccific backctosi cxperimenc 
beiiij conducted. 
U appears due. with die use of genetic markets, (he portion 

, rftht RP genome thai U not linked to ihe allele being trana- 

• fcTTBd caii be recovered quickly and ^vith confidence. The 
jtcovery of RP will be j lower oa the chromo&ome carrying (he 

; gene of mcerest- A coniiderabU amount of linkage dng is 
eipocted Co aeeompany selection for the DP allele in a back- 

. -,0053 program. Tot a Joeos located in the miHdle of a 20Q-cM 
chromosome^ the leogth of the pt chrofnosonie aepAeat ae- 
eampanylng selectiDn is expected to be 126, $3, aud 28 cM in 

' (he BC . BC^T aad BC^ gftfiendOAs, mpecUvely (Hoasoo, 

' j939;Nayciraaiid&arb&djlla, 1992). Ourobicrvatidnd support 
therecoiiuneiKiatLon of Hospital el al. ( 1992] chat preference ba 

; ^ven CO the selectioo for recombl nanu psoudmal lo ±e allele of 

';'.iBtetesi, bwt lhaf selection for recovery of the elsewhere in 
the genotne also be considered. This two-s£age selectiod can 
probably be done quite c£fvctiv^y id hoc by the breeder once 

; fhe d&ia is adequately jummartzed; however, Hoiplul ct al. 



suggest way? to Incorporttc the two criteria into d adcccion 
index luch that each component of selection is axtured appro- 
priate welghung. 

UiBof genetic markers can ^sdy incr^as&ihcefrectivenisSfi 
Of hickcrofiring, and they should be used in any serious back- 
CToasing program if resources arc available lo the breeder. 

Literature Oted 

Atlafd H.W, iPeO. Principles of plant brccing. Wiley. Nftw Y«A. 
F4kr, W.P. Principles orcuiavardevelopmenL-v.U Theory and 

technique. MaBrrrOilan, New Yoric 
Htmi^m, WJy. J9S9. fia/ly genefiuipfi an^ysis of length ofheteiooTPea 

ehromoioiije M^ncnti. amtind n loous he4d hetemryeous wiih 

hackcroifln^ or lelfin^ Cenerfct 44:943-947. 
Moipital K C Ovvater. and Mulsanr, 1992. Using msrVM In 

ftene intrti^reisiofi bneediDg programr, Qcncrtrt 132: 1 1 99-1 3 la 
Rinli, EM cstd Id S4»tt I96i. Moving corrv-belt gcnxxplaxm 

northvbrarcL Ann. Hybnd Com Indutoy Coof. 16 J3-36. 
Sha}/ef, D.L J976, Converaioru tor eaftine^s ki maize mbredi. Maize 

Qpoet Coop. Nv>lir» 50-^23, 
Ycurii, N,D. And 5.0, Tofdulty, t939, Aesirieciort frigmcgc length 

palymerpb'tfnmaps stfid fheconcdp(orgfaphlcalgeJvocype&.Thw. 

Applied CtneC. 77: 95-101. 



43 



Received from < 515 334 6«83 > at 3/11/03 5:16:58 PM [Eastern Standard Time] 



03/11/03 TUE 17:26 FAX 315 334 6883 PIONEER HI-BRED DSM ©OS? 



; 9 

2 MAIZE - THE PLANT AND ITS PARTS 

R. Scott Poethig . 
Department of Agronomy, Curtis Hal^ 
University of Missouri 
Columbia, MO 65211 



One of the greatest deterrents j to an appreciation of plant morphology is, 
the temiSology Sd to describe: various plant parts. This problem is 
compouS the case of maize because of its relatively unusual structure^ 
WeTu learn that plants have a vegetative ^^dy composed of ^te^s^aves 
and roots, and that flowers contain sepals, petals, pistils ^nd st^ens^ 
Mate however has at least three: kinds of leaves, two kinds of stems, two 
Ss' of roots? and two kinds of flowers in which glumes, lemmas ^nd Paleas 
Ske the place of sepals and petals. Fortunately, these parts are arranged 
S a relatively simple fashion, so the task of mastering maize morphology is 
S^t as d?«cult S it might seem. In this article we will identify some of the 
most inSortant parts of the maize plant and describe their organisation^ 
Sore Sed" descriptions of the ^ developmental morphology of m 
been provided by a number of investigators. Kiesselbach (1949, reprinted 
fiiv-rs a good general picture iof maize structure and development^ The 

exfernS mor^h^oTogy^ and the histology of ^flf^.-^l^t^J^J^ ^f^^Jf [^^iSre 
<5hoots have been studied by Bonnett (1948, 1953), Sharman (1942; ana addc 
iSd co-woTkers (Abbe and Phinney, 1951; Abbe et ' f ^ -^^^J^^l'sl 
comprehensive descriptions of ^^e embryogeny are those of Randolp^ 
and Abbe and Stein (1954). A summary of the histology of ^^e corn plant 
written by Sass in 1955, has be^n reprinted in the recent edition of Corn 
and Corn Improvement (1976). 

The nr^ an^^ation of the plant body : Maize is a member of the grass 
famdv the Gramineae, and as ui all g rasses, most of the plant body is leaf 
tSe^Fig. laT To appreciate the general organization of the maize plant 
J is helpful, therefore to see it in a leaf-less state (Fig. lb). Stripped 
naked the maize plant is not very impressive. Its main stem, or culm, is a 
slender seSiented shaft similar to a stalk of bamboo or sugarcane . The 
enlaced Ssalong the stem, the nodes, mark the points of leaf attach- 
Snt L Sem segSent between nodiTlT called the uUernode. Each i^de 
Se?rs a single leaf^ a position opposite that of the neighboring leaf giv^g 
rh* niant two vertical rows of leaves in a smgle plane (Fig. la, 2). ihis 
the plant two vertical iw , all Ipaf-like aooendages. 



so-called distichous phyllotaxy 
wherever they occur on the plant 

Maize has unisexual, rather 



lis typical of all leaf-like appendages, 
than bisexual flowers. Male (staminate) 



flowers located at the apical tip of the mam stem m the ta5£|l, a 

SSed inftorescence. Female M (pistillate) flowers are found ^ ^^f^l 
se?^ral coiSact ears, located on the ends of short branches near the middle 
of the stem (Fig. lb; 2). ; 

This oartitioning of male ^nd female flowers in separate structures 
distin^Sshe^s mS f?om other qereals and is one of the principal reasons 
Sat S gene^^ has been so Conveniently explored. Making controUed 
^oll^aSonf Si maize requires little more effort than 

a baff over the tassel and ear shoot. To perform a controlled pollination m 
rice! Wheat, barley and other cereals, it is necessary to emasculate each 
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flower used as a female parent, an especiaUy tedious job when each Hower 
yields only one seed. 




B 



1 Mature maize plant (after Kiesselbach, 1949). b) Mature maize 

end of the main stem (culm) terminates ui the tassel ^^^^ tn« 
basal end terminates in the primary root (radxcle)^ The ear shoot 
arises from an internode ,near the center of the culm. 

^■■Ff f^oTT, ^1ac:a1a> related species in that it has relatively 
Maize also '^/^f^^ J^^"^,^^^;^^^ to 12 Sernodes of the stem produce 
few l^/an^^^^- these remain suppressed. Above-ground 

branch primordia, and most oi inese r ^ ^ subterranean inter- 

primordia develop into ear ^h^*^^!,' ^^^i^^ff^^ li^^ str^^^^ to the main stem. 

some ears on tillers - 

Tfe^: During the fi.« ^^^'•J.S^^^STb.fpS 
point-SnKS^stem lays down aU the "?°"J'''°f'^^ss"i formation the stem is 
rr:^'S?tr^chLTan,'-4n ?H=our -"p?a??t »ay 3-4 feet i. 
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height (Fig^ 3). Subsequei^Uy , the stem begins to elongate rapidly, with 
most of the growth occurring at' the base of the internodes. The lowermost 
6-8 internodes do not participate in this growth, however, and remain below 
ground where they produce the root system and tillers. These subterranean 
internodes taper sharply towards the base of the stem, forming a distinctive 
region, the crown (Fig. lb). The stem is thickest a few inches above 
ground, and tapers gradually towards the tassel. All the internodes from 
the top ear downward have a distinct groove associated with the axillary bud 
at the base of the internodes; internodes above the ear lack axillary buds 
and are smoothly cylindrical. 




Figure 2. The major parts of the maize plant. Drawings in part from P. 

Weatherwax in Com ; and Com Improvement, 1955, and E. D. 
Styles et al. in Can. J. Genet. Cytol, 15:59, 1973; fig^^^e 
assembled by M, M. Johri and E. H. Coe. 
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The stem of an ear shoot, called the shank (Fig. 2), differs from the 
main stem in being relatively short in most strains. In addition, the inter- 
nodes of the shank are variable in number, irre^lar in shape and size, and 
tend to have a crinkled rather than smooth surface. Secondary ear shoots 
commonly occur on the shank of several types of maize, but are rare in most 
commercial strains unless fertilization of the apical ear is prevented. 




Figxire 3. A four week old plant (approximately 3 feet tall) in which the 
stem apex has differentiated Into a tassel. As shown on the 
right, the stem is stiU relatively short at this stage. 

The tassel : The tassel, located at the top of the culm, consists of a 
series of large branches (sgikes) covered with numerous, small flower- 
bearing branches ( spikelets : Fig. 2) Each branch point on a spike bears 
two spikelets. one on a long stem ( gediceUate ), the other on a short stem 
( sessile ) (Fig. 4a). Each of these spikelets, in turn, produces two func- 
tional florets. Although tassel florets contain both stamens and a pista, the 
pistil normally degenerates soon after it is initiated, making the floret 
functionally male. However, pistils will develop at the base of the tassel 
under some environmental and physiological conditions, and are quite 
common on tillers . 
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FigTire 4. Schematic drawing of a pair of tassel spikelets (A) and a pair of 
ear spikelets (B). Note that the lower floret in the ear spikelet 
aborts early in development, p.s. - pedicellate spikelet; s.s, - 
sessile spikelet; gl - glumes; le - lerama; pa - palea; fl - floret. 

Surrounding both florets on a spikelet are 2 leaf-like scales called 
glumes (Fig. 2; 4a). Within the glumes, each floret is individually enclosed 
in another pair of scales, one located adjacent to the glume (the lemma), the 
other located between the two florets (the palea ) (Fig. 4a). At an thesis, 
these scales are forced apart by the swelling of conical structures 
(lodicules) at the base of the 3 stamens, and the filamentous base of the 
stamens elongates, forcing the anthers out of the flower (Fig. 2). As they 
dangle downwards , the anthers shed pollen from openings at their tip . 

Pollen grains are the multicellular products of the haploid microspores 
that result from the meiosis of a microspore mother cell (microsporocyte) . 
Meiosis takes place in the anther before the tassel emerges from the leaf 
sheaths. After meiosis, the 4 resulting haploid microspores separate from 
each other, and each forms a thick wall. Shortly before shedding, each 
microspore undergoes two mitotic divisions. The first division is asymmetric, 
and produces a relatively large vegetative cell and a smaller generative ceU. 
In the second division, the generative cell divides to form two sperm cells. 

The ear : The ear is morphologically similar to the tassel^ although this 
resemblance is obscured by differences in the relative size of their parts. 
The crucial difference between them is, of course, that the tassel contains 
male flowers, and the ear bears female ones. This difference is due sicnply 
to the fact that during the formation of an ear floret, stamen primordia are 
arrested at an early stage in their development, while the pistil develops 
fully. Each functional ear floret has a single ovary , which terminates in an 
elongated style, or silk (Fig. 5), Within the ovary is a single embryo sac . 
The embryo sac is the product of one of the four haploid cells resulting from 
the meiosis of the megaspore mother cell. While its three sister cells de- 
generate, the nucleus of this cell divides three times to produce 8 haploid 
nuclei within a common cytoplasm (the embryo sac). Two of these nuclei 
( polar nuclei ) migrate to the center of the embryo sac where they become 
closely associated. The three nuclei remaining at the base of the embryo sac 
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Figxire 5. Radial longitudinal section of an ovary with an unferrijiyed 
embryo sac (after Randolph, 1936). Upon fertilization ^ the 
nncellus is digested by the expanding embryo sac and the tissue 
surrounding the nuceUus is transformed into the pericarp, si - 
silk; e.s. - embryo sac; nu * nuceUus; in - integuments. 

The ear also differs from the tassel in that it has no major lateral 
branches. Its thick, lignified axis, the cob, is homologous to the central 
spike of the tassel. As in the tassel, ear spikelets come in pairs , but in 
the ear they are equal in si2e and only one of the florets in each spikelet is 
functional (Fig. 4b). An ear therefore has an even number of parallel rows 
of equally si^ed kernels equal to the number of spikelets on the cob. The 
number of rows (or ranks) of kernels ranges from 4 to 30. 

The glumes, lemmas and paleas of the ear spikelets are readily visible 
in an unfertilized ear, but are soon obscured by the enlargement of the 
ovary after fertilization. In a mature ear these structures are represented 
by the chaff that adheres to the cob and the base of the kernel after it is 
shelled . 

The leaf : Maize produces three kinds of vegetative leaves: foliar 
leaves , husk leaves and prophylls . A foliar leaf is located at each of the 
nodes on the main stem, husk leaves are located on the shank of the ear 
shoot, and prophylls are found at the base of the shank between the ear 
shoot and the stem (Fig. 2), 
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The foliar leaf has two distinct parts--the blade, a flat portion ex- 
tending away from the stem, and the sheath, a basal part that wraps tightly 
around the stem (Fig. 2). Internally, the blade consists of a spongy 
network of cells traversed by a series of parallel, longitudinal veins. This 
flexible lamina is supported by the midrib, a thickened, translucent struc- 
ture located in the center of the leaf. The sheath is thicker and more rigid 
than the blade, possesses fewer longitudinal veins, and lacks a prominent 
midrib. The sheath completely encircles the intemode above the node to 
which it is attached and may extend the entire length of that intemode.. 
During the early development of the plant, the leaf sheaths provide most of 
the mechanical support necessary to keep the stem upright. At the bound- 
ary between the blade and the sheath there is a distinct hinge of translucent 
tissue. In this region, the leaf blade and leaf sheath narrow sharply, 
forming an indentation In the leaf mar^. The wedge of translucent tissue 
adjacent to this indentation is known as the auricle. The ligule is the thin 
collar of filmy tissue located on the inside of the hinge . 

The husk leaves surrounding the ear are usually considered modified 
leaf sheaths, with vestiges of the blade portions occasionally present. In 
some strains husk leaves develop a prominent ligule and leaf blade. In 
contrast to the leaf sheath, husk leaves are relatively thin and flat. Each 
husk leaf is attached to a unique node on the shank, and all but a few 
upper ones are arranged distichously . 

Located between an ear shoot and the stem, the prophyll looks super- 
ficially like a husk leaf, but is distinguished by having two keels (midribs) 
and a split apex. These features suggest that the prophyll arose evolu- 
tionarily from the fusion of two foliar leaves. The homology of the prophyU 
is still controversial, however. Galinat (1959), for example, considers the 
prophyll one of the basic units of maize morphology, the others being the 
intemode, leaf and axillary bud. 

The root : More is known about the growth, cell biology, physiology 
and anatomy of the primary maize root, or radicle, than perhaps any other 
organ of the plant. Its histological structure, described by Sass (1976) and 
Kiesselbach (1949), is typical of roots in general. The apex of the root is 
sheathed in a loose network of root cap cells. Immediately behind the apex 
is a 2one of cell division and elongation, beyond which root hairs are 
initiated. Larger lateral roots arise at varying points behind the zone of 
root hair formation. Cell division is restricted to the apical 3 mm of the 
root, and occurs at a maximal rate 1.25 mm behind the apex. The zone of 
elongation extends 8 mm behind the apex, the rate of elongation being 
maximal 4 mm from the tip (Erickson and Sax, 1956). Those interested in 
using the root for physiological or cell cycle studies should consult Silk and 
Erickson (1979, 1980) and Green (19V6) for an analysis of the growth para- 
meters that must be taken into consideration in such studies. 

The primary root represents the basal end of the plant axis, which in 
maize and other grasses contributes relatively little to the ultimate root 
system (compare Fig. la and b). Most of the root system consists of 
adventitious roots produced by the basal-most internodes of the stem. The 
primordia of a few adventitious roots are normally present in the embryo, 
and these emerge soon after germination. New root primordia are subse- 
quently initiated at the base of all subterranean internodes, and also appear 
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at 2 or 3 above-ground internodes after the stem has elongated Sub- 
terranean adventitious roots are sometimes called crown roots, while those 
initiated above ground are known as brace roots . 

Adventitious roots ffrow horizontaUy for several feet before turning 
downwards. As a result, the root system of a single plant often covers a 
region 5-8 feet in diameter, while the depth of the root system may be as 
much as 6 feet. As it grows, the root branches profusely in the region 
behind the apex, forming both secondary roots and uniceUular root hairs _ 
The total length of root system of a mature plant has been estimated to be 6 
miles . 

The kernel: The events surrounding the process of fertilization have 
been "aii^Hbid by Miller (1919), Kiesselbach (1949) and Pfahler (1975) ; 
unfortunately, ultrastructural information about this phenomenon is stUl 
unavailable . 

The silk is receptive to pollen along its entire length. Within 5 minutes 
after a pollen grain lands on a silk it sends out a tube which penetrates the 
silk and grows downward towards the ovary. During this process the 
vegetative nucleus and the two sperm ceUs migrate to the tip of the poUen 
tube where they remain throughout its growth. Upon reaching the embryo 
sac 12 to 24 hours after germination, the end of the poUen tube bursts, 
releasing the two sperm. One sperm nucleus fuses with the two polar nuclei 
in the center of the embryo sac to form a triploid ceU that gives rise to the 
endosperm. The other sperm nucleus fuses with the egg nucleus to form the 
zygote. As often as 2% of the time the polar nuclei and the egg nucleus are 
fertilized by sperm from different pollen grains, with the extra sperm nuclei 
being somehow lost (Sarkar and Coe, 1971). This phenomenon, called 
heterofertilization, can lead to a non-correspondence between the genotype of 
the endosperm and embryo when the male parent is heterozygous. 

The development of the kernel following fertilization has been described 
in detail by Randolph (1936). We will only note here that this process takes 
40-50 days and is accompanied by a 1400-fold increase in the volume of the 
embryo sac. The growth of the embryo and the accumulation of food 
reserves in the endosperm is completed by about day 40, and the remammg 
10-20 days is spent maturing and drying. 

A mature kernel has three major parts: the p _ ericarp , endosperm and 
embryo (Fig- 6). The pericarp, the tough transparent outer layer of the 
kernel is derived from the ovary waU and is therefore geneticaUy identical 
to the' maternal parent. The endosperm and embryo represent the next 
generation . 

The endosperm makes up about 85% of the weight of the kernel and is 
the food source for the embryo for several days after it germinates. This 
food takes the form of intracellular starch grains and protein bodies, and is 
concentrated to varying degrees in different parts of the endosperm 
(Duvick, 1961). In fHnt-type kernels the concentration of starch and 
protein bodies is higher around the periphery of the endosperm than in the 
center giving the endosperm a hard, corneous external layer, and a soft, 
granular center. In dent kernels, the granular tissue extends to the crown 
of the endosperm so that it collapses upon drying and produces a distinct 
indentation. These two traits are polygenic in their inheritance and are 
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characteristic of specific races of maize. Other common endosperm traits, 
such as sugary, floury or shrunken, are single gene mutations and can exist 
In either a flint or dent background. 




Figure 6. Longitudinal sectors of a mature dent kernel, taken perpen- 
dicular (left) and parallel (right) to the upper face of the kernel 
(after Kiesselbach, 1949), pe - pericarp; en * endosperm; al - 
aleurone; sc - scutellum; co - coleoptile; pi - plumule; ra - 
radicle; cr - coleorhiza. 

Much of our understanding of gene action in mai2e is based on the 
analysis of genes affecting the pigmentation of the external layer of the 
endosperm, the aleurone . This specialized single cell layer is the only part 
of the endosperm capable of becoming intensely pigmented. Internal endo- 
sperm cells may be either yellow or white. 

The embryo is located on the broad side of the kernel facing the upper 
end of the ear, beneath a thin layer of endosperm cells. Most of the tissue 
in the embryo is part of the scutellum, a spade-like structure concerned 
with digesting and transmitting to the germinating seedling the nutrients 
stored in the endosperm. The shoot and root axis are recessed in the outer 
face of the scutellum. In a mature kernel, the shoot ( plumule ) has 5 to 6 
leaf primordia that are arrested at successive stages of development (Abbe 
and Stein, 1954). Surrounding the shoot is a cylindrical structure called 
the coleoptile . Upon germination, the coleoptUe elongates until it is above 
ground and is then ruptured by the more rapid expansion of the rolled 
leaves within it. The root is enclosed in a sheath of tissue called the 
coleorhiza . Unlike the coleoptile, the coleorhiaa does not elongate very 
much, and gives way to the radicle as soon as it emerges from the seed. 
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ABSTR.\CT 

DcLcrminiviion of parentage is fundamental tQ the study of biology and to applications suth as the 
ideniification of pedigrees. LimiuiLions to studies of parentage have stemmed from the use of an insufficient 
number of hvpcA'ariablc loci and mismatches of alleles that can be caused bv mutation or by laboratory 
error and that can generate false exclusions. Ftirthermore, most studies of parentage have been limited 
to companions of small numbers of specific parent-progeny triplets thercb)' precluding large-scale sui'^-eys 
of candidates where there may be no prior knouledje of parentage, Wc present an algorithm that can 
detcrnuti* probnhiU^ of parentage in circumsunees where there is no prior knowledge of pedigree and 
thai is robust in the fiicc of missing di*:a or mistyped dnui. W'c present data from 34 niaizc hybrids arrcJ 
5S6 maize inbrc-ds that xvere profiled using 195 SSR loci including simulations of additjunal levels of 
missing and niii:>-ped data to demonstrate the utility and flcxibiiity ofthii algorithm. 



DETERMINATION of parentage is fundamenal to 
[he study of reproductive and bcha\ioraJ biology. 
The increasing avuilabiiit^- of highly discrinninant ge- 
netic markers for many diverse species provides ihc 
potential to uniquely characterue indiN-idtials at numer- 
ous loci and to unambignoitsly resolve parentage where 
genealogical relationships are unknouTi, in error, or in 
dispute. 

Idendfication of parent-progeny relauonships in ^vild 
popLiltitions of animals and plants provides insights into 
the success of vnrious reproductive strategies (Et-t- 
5TR.-VND 19S4; SMoust and Mi:.\cHiiR 1994; .-Vlderson 
et at 1999) and has a)lo\ved for ihe implementadoa 
of management progninib to conscr^-e genetic diversity 
(MiLLSR 19/5; R^NNAt--\ and Mountain 1997). The 
association of pedigree uTth physical appearance or per- 
formance in domesticated animals and plants allo%>3 
parents that have contributed favorable alleles for desir- 
able ir^iits through ielcciive breeding programs to be 
identified (Bo^vERS and Mkredith 1997; Sefc et ai 
1998; Vankan and FaDDV 1999). These applications of 
associative genetics facilitate flirther progress in genetic 
improvement through biTcding. Establishment of par- 
entage is also visefiil to secure legal rights of grtiardian- 
ship in humans, to ht^lp protect intellectviaJ property in 
plant ^urietics* to valif?atr breed pedigrees of domesti- 
cated animals, to protect stocks of fish, and to identic- 
provenance of meat th.u is a\-allab]e in supcnnarketi 
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(GOTz; and Thaller 1998: Primmer et ai 2000; White 
e:aL 2000}. 

Most studies of pedigree ha\c utilized exclusion analy- 
sis where the molecular marker genotypes of either one 
or a restricted nuttibcr of potential triplets of offspring 
and putative parents arc compared. Often the identity 
of the mother is not in question: the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compai'ed w-ith candidate father 
genot:>pes (Ellstr.an*d 19S4; HANfRicK and Schnab^u 
1985). Individuals who could not have contnbuted the 
paternal genot\'pe are excluded; the remainder are pos- 
sible parents. Nonpaternit\- in humans is generally de- 
clared only on the bii^is of exclusions exhibited by at 
least ^vo unlinked and independent loci, This criterion 
of exclusion reduces the likelihood of a false declaration 
of nonpatcrniC)- on the basis of marker results that arc 
actually due to mutation ^Wthin the phylogcny. Bein rt 
ai (1998) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjimction at meiosis leading to uniparental in- 
heritance. A reqtiirement for at least three independent 
exclusions to declare nonpaternic\ in humans has also 
been instituted (Gunn ei ai 1997). In ^:udi<fs of natural 
populations of animals or plants where numerous par^ 
cm-progeny triplets are examined it is usual to accept 
a ''ingle CNClusionar}' event evidence of nonpaternity 
(Marshall et nl 199S). Paternit>' testing haa bten ex- 
tended to situations where DNA from cither parent is 
uniu-aihU^te, For example, paicrnity cun ^lill be estab- 
lished in circLiinstaTices '^vhere tht- piUi\Li\e father is de- 
ceased but his p;aents ;irc >till alive [HKiAirNKN et ai 

Appendix C 
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t'JfU: Bni:Ki\.t^fff{ ni'f'ii, Ch vKK.Mum iA yf ft!. ( ]9V4> 
clciiinii.^a aic ihac piiu riiiiv law lit, tUtcriTi : iv.;cl in t.-:i.sfs 
wduie the it\nthLM' rs utKKatkil^lt,' tru' lescitv^. Lanc; (fl 

inlsNirii; cinrurUit p.ucivi using proKtlcs of chc n\i>tht.M 
and progct;). 

uiuully fuiiccl to unair.bi.^ii'HL^K I'C^ohc pmeri-iitv. Liml- 
Uicioiii have stemmed Uoiw chc u,se of an insnfficieoi 
nuinbcrr of incltrpcndcr:u hxpeTMiriablc loci. Other itatis- 
tic:il mcihod:> arc therefore reqiut'cd to calculdce the 
likelihood of pacernicx for ench noncxciuded male 
(Berry and Ceisser 1966; MiaCH£r 1986; Mhacher 
and Thompson 1986; Thompsov and M£ach£r 19S7; 
DevLfN etai 19S5; Berrv L99Ij. Marshall et ai (1998) 
drnwjtcention co the qiinliiy of daca chat is encountered 
practically in genoc>-pic sun-cys. Nfaiernal g^enetic data 
may or may no; be aviiiUible, data may be absefU for 
50I11C candidate males, drua may be missing for sonic 
loci in some individiuls. null alleles exist, and t>p)i:^ 
crt'ui*r> oec ur. Recon^crucdti^ or vdiidLUir.g d;c pedigrees 
of varienes of cultivated plants often proWdes addicionnl 
challenges because their phylo^enies can reveal appar- 
ent excluiions that ma:iquei'ade zis nonAfendclian in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an Individual is used as aparen; 
prior to completion of the inbreeding process. The de- 
velopment of parenc and progeny then continue on 
parallel but separate trades thereby allowing the poistbil- 
icy chat alleles that are subsequently lost through in- 
breeding in the parenc can still become fixed In the 
progeny. It is also possible co creiite many offspring from 
a 'iingle mating and to tKe the ^ame parent repeatedly 
in "backcrossing." Therefore, manv indi\idual Inbred 
lines, varieries, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar) 
pedigrees. The effective number of marker loci chat can 
discriminate between alternace pedigrees is proportion- 
ally reduced as parents are increaainglv related. Conse- 
qtiently. inbred lines can be more similar to one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paicmal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there h n f^riorri 
information for at least one of the parents (usually the 
maternal parent). Limited availabilitv of marker loci and 
the lack of verv high-throughput gcnot>ping systems 
otTering inexpensive dacapoinc cost5 ma\ liave focused 
research on studies chat invuh r re!ati\trlv fe^v individuals 
and where there is at lca.s( some u p)inn indication of 
p.iiffuajre. Studies tinit have !>< t.-n t'oiuiuL-tcd without d 
//nr/n it\for;na:ion on paiet:t;iurt' itu;lndc species where 
ix'p[ i.?duc*i\c btliaviui* i L-ndei^ iti^'iittliLaiUiU of (he in.i- 
it*rn.il parent dilficuU <*v iiup^ >'*^ihU'. Ef.sampk's include 



ti'.«'-v utideriakc:! <;n hirfls tluu ijr.uu*^ ijiui^d para.sit- 
i^ni iAj uKK>t;N elaL [V*J\)) n\ extia-iniir cf^pL;laLnji\ 
(\\\:rv*)S W al. 190:2) or on spcucN ^iu;li a,^ lite wotnba; 
tli.U aie diffiLult to obseivc In t\u: uild '*rv\i(jK fi ai. 

Tw(j circumstance^ favor a rcMserl appro*LC.h co the 
^iacis;:cal analvsis of pcdigiee. First. rruMccular ir.arkcr 
tccfnujloiries Lire I'upidU dtc'.clnpii-^ and w;ii j.!!o'.v nu- 
merous loci to be r>ped for thousands of individuals 
rapiflly and inc.xpensiveiv. A greater ni.imber and diver- 
sity of larger-icale Studies of pcdii^rec can be c^Npcc'-cd 
within the plan; and animal kin;^dtini=» includir>^- individ- 
uals \f\ which there is nu prior knowledge of pedigree. 
A larger number of markers mean a grcyiccr chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, m.ijiing data, and laboratory error 
are required. 

Tile purpose of Lhis article is to describe and evaluate 
a mechodolog\* duiican he used to quantify the prob::ibil- 
ity of parentage of hybnd ger',ot>pcs. We focui on par- 
entage because i; is the primary focus of pi.tbti^ht;d litera- 
ture and it is the easic^it level of ancestiy- to understand. 
The method is robust in the face of mucacion, pieudr>- 
non-Mendelian inheritance (apparent exclLL';ions) due 
to residual hetero^gosit> in parental *eed sources, miss- 
ing data, and laboracorv* error. The mc:hodolo§\ h;is a 
number of advantages; (i) It can accommodate large 
datasets of possible ancestors (hundreds of mb reds or 
hybrids each profiled by >100 marker loci), (ii) it docs 
not require prior knowledge about either parent of the 
hybrid of interest, (lit) tc does not require independence 
of the markers, and (iv) it can successfully discriminate 
benvccn manv hightv related and geneticallv similar ge- 
notypes. U"c dcm.onstrace the effectiveness of this ap- 
proach to identify inbred parents of maize {Zaa mays 
L.) hvbrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together with their parental 
and grandparental genotypes included among a total 
of 5St5 inbred lines. The methodology is applicable to 
the investigation of parentage for all progeny developed 
from parental mating \Wthout subsequent genemdons 
of inbreeding. 

MATERLAL5 AND METHC^DS 

AJgorithm: Considei' an index hybrid whose pArcncage i* 
Linknosvn or In dlapucc- Inbreds in .in ,L\\uIjihlc dacabuse are 
po.s^iihle ancestors of cbe h)btid. The ohjer ti\e \% :o find :he 
proh:ibilitic5 of closest ane:rstiv for each inbred on the basis 
of In I'm rmnuon from SSR5 from the iiiclrx h\hiid and the 
inhfcrls. There is no renson to trim the (l;u:il>asc bv removini> 
inbreds chuught co be unrelated rht iiitlr\ Inbrid because 
their hick of relation iliip will l>c cli>CO\fir( L 

C nn<!dcr a pair of :jr>ssihlc ance:^t^J:^, ir.hied ; .mrt inbred 
/. riurt )a nocilini^ ^f^ecinl abuii: ;hi> p:ii;u'il;ii p.iir ^ all 
j^a'.l ^ Aill br r rcH it'd si r: 1 i Ui : 1'-'. Th<- pi t m i n< r \ f -K^n c\ilt ul/.'.ii'.'^ 
lIh- |jr i»h,,bilir^ tli.it inhred.^ f and » ai c in 'Mv hv nria\ .\ncc5:pi'. 
ii';.>tM(in;.f ihi.s lor {>nirH iiihic cl^ :ii rht <iur.ilx»>e. 
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The hii>is ut tliL' illi III t> fti)\f>p' ruU" ['■■.'^ . b^ '<K> i i 

ll^^.Hn. Li' ^' /. /*S.SKm >t.LfL(l t(n ilu' ( pt;*iit'i ;r/i I |ji ' .fi.il iilit\ 
thtic ^ .uul ) M'^ aiiLL-'iitii < «t rhc ;i vlc'x livhi id \3'ivf ii tfic itit'ji nn- 
cioM ftoni rhe ^ariouN SSK> Lcf Pr^. }) ^t;uid t(»r iru* muMiirll. 
titjn.il [nv p: ut|-, pi 'jb.il:)i.li',^ of rlir i,Miic C\rii' F:!;.i!!'. . 
Pf,SSR> ;) ;s -r.r- pi ';h..nLitiv of oIhc:mii'^ tht v:i:iLiu.>i SSI> 
res:*!:^ if it\ fact t nnd ; jT'^ 3ntc.s[uis. Ba\f;5" r'.ile ^^^s 

whcrt; the >um ii; ch^- :ic iion;[ni\cor i'ios cruli pL;: .s < jf* iiilj'cda, 
ii\dcxcd bv u i-, piSSRi /. x Pi i, p is on- of ;hc rtrir> 
in che denoiiKnaiOiv (To cOmpLite :he dcnomii'u'i^or in chc 
;ibovt: exprtrs-iioTi . fis a pni-rjciilai' Order lo the ii^hrcrJs in :he 
darabisc and cskc: < v in exprei^sion.s inv.'olvir\g ihc p.-ir u. 
v). U' there lire 586 inbf^cls. i'oi' exumplL-, thcrt number 
of piiirs and the number of tcrnis in che dcnntii:na;or is 
586(3S7)/2 = 171.991.) Inbreds i and j may be parents or 
^ndparents or other t>pes of rtlationa or bc;ir no rdocion- 
ship at all to the hvbrid. If ihcrc are more than nvo ancestors 
in the database, such m both parents and all four- grandpar- 
ents, then the possible paici invoNing these antcstars will 
grnerally have the highest posterior probribilicics. If chc hv- 
bnd's Crue parents are in the database, then m n pali' they will 
typically have chc highest overall postcnoi probahility. [f both 
1 and j happen to be related to one pai'ticuUvr parem of the 
hybrid, iheti a:i a pair their posccilor proh.ih'.rnA vclll br: lo^v 
because they will not usually account for many of the alltiCi 
that arc consnbiued by the other parent of chc hybrid, 

We Will make the "no-prior-inronmacion" assumption that 
P{ii. v) is thtf same for .il! pairs (u. v) . This implies that this 
factor i* cancelled fro»n both numeraiior and denoniii\acor in 
the above expression, giving: 

The problem is then to calculate a typical /*(S5RiW\;) ..^iSunae 
inbredi j and y are both ancestors. We calculate the probability 
of observing the rcsviUing hybrid under chis assumption, Wc 
make no assumptions aboti: relationships among the variotii 
inbredi. Other possible ancestors \vill be considered iiuplicitiy 
in chc calculadoii by allowing cheir alleles :o be introduced 
through breedings uith / and / Houever, the nature of iuch 
brecdiiigi :S not speciBed. Stippose inbred i's alleles are (a. 
b}. Each descendant of inbred / receives one of these cnvo 
alleles or not. An imn\ediace descendant receives one with 
probabiKcy I (barring mutation:*). A second generation de- 
scendant receives one of :hcm \oth pn^babilit)' 0.5. And so 
on. Since decree of ancesx>' (if any) is unknown, wc label the 
actual proUibilicy of passing on one of these alleles :o be P, 
Similarly, an allele from inbred yhas been parsed douTi to the 
hybrid or not. and the probabilicy of the former is R In ^he 
following, P'.^ill be taken to equal 0.50. although we will also 
consider P ^ 0.99 in some of the calculations. 

AMuminj P « 0.50 is consisiciu >vith the closest ancestors 
in the database being grandparents. However, we are not 
interested in grandparents jrt^ 5^. If the closest ancestors in 
the database were parents, then as indicated above P should 
equal 1 {ignoring frutations and taboratoiy errors). Our pri- 
marv- concern is uhen the p.ircnci are not in the databiLSe. h\ 
this case Pis no greater than 0-50. .Aiiummg P = 0.50 :s robust 
over the middle range of posiiibte value:, of P. One 'vav in 
which :t Is rnbusr is if there may be niutanoTis And iahnnuon' 
errors, in which case P vu)uld have to be <l. Taking P to 
equal '>.J^>le^ies little penalt\ .igaiiiiw^ pai ticntai pairtn which 
there is AW apparent t;'XLtui:nn from tlirect pnreiitai^c Thcie- 
foie cakm:^ P ;o Kt <\ ineuLis that if the fiuc p.ircnr.s .ire in 
the dnijl\'.Nt» (ht-n :ht'v ^vit! r.nr he nik-il iMir 'f rht'i*.- Ii.ipiir'f"- 
t.o he Muuatiit[is and lallnn.itni'x ei'iors. And il fht' cl^'-i'^I ;"(Mt r*^- 
turs in the i Lu;;hii><' arc mot e renu>tr than .ifnl(>,in':u'i. fhr^. 



s|- 

iiic hsrh to S^r kU iirilirtl bt'ijiisr 'A\v\ uil! iimi.iI!; h.r.r rlic 
tc\NL*s: inNiiutcIics ui thr.- liut-^ ( tp!iMOt-! L-!i. 

Uhen faiid;aic inicc>toiN fhcn jrc possibiliiies (h 
Tht allc'ci of both inbr ofis / .md / uerr p.i>scd to the h- brid. 
fL't inbrc-fl / CQinc rhror.-rh bi.r mcji. iiihic*<l (.">) ir.fvr^rtl } 
came rhivuiLjh :y.: nwt itiburd /. .md i-h neichef itibred canif 
ihro.i^h. .\ssv.mir.^ indepeT:defK^.v these have respective pr-jh- 
abili:t-< P-. ^ p: _ _ ^, : ^^^^^ ^^^^^ ^ 

0.5<r of thc-sc prohr.Si;itie> squiiI o,:;3. 

A;: instani;e of die ta-.v of tct.il ptobtih/it;. fScC. 5-3, Bf.Sk^' 
15^*^5* is chat rhe probiibili;y orQb>en.iu^ a hybrid's alleles is 
the avet n^tf of the coiidtcior.^l prohabUitv of thj^ e\<:iu gi'.t.-n 
the above four cases. The simplest of the fotir cr.ses -[he 
first possihiiliy; .-Jussumi.nL^ the hybrid's alleles are passed do^^n 
directly from both inbreds. the pr^jhahili^v of obser-ing the 
hybrid's geno?.pe is either I or 0 depending on whether the 
hybrid shares both inbrcds* alleles. (It is especially easy when 
both inbreds are homoz>'gOuJ.^ The other three cases require 
an a&stimpcion regarding the possibilicy chut jn inbred s allele 
is not pa3.sed to the hybrid but is interrupted by a mi,: nation, 
a laboratory error, or intervening breeding. Vv'c regard such 
an allele a^ being selected from al' kno^^T. alleles with probabil- 
ity 1/ (number of alU'ies). where tht number of alleles is the 
total number of alleles kno^^n to exist at the Iot;u.s in qucsrioii 
Ati alternative appro^ich ^vould be to use the allelic pcjpor- 
ii<ja> th-.u arc predentin the datab.i.-^e (or in anochci' daab^vicV 
However, the lines in the database may not be randomly se- 
lected from any population. For example, a lii^e th;u ha.s been 
highly Lised in breedini^ wot-ild have ma n dcriv^uve lines in 
the database, in which case the frequencies of its alleles -^^-il! 
be artificially inflated. .Assuming equal prnhabltities fof the 
various alleles at a given locus is robust in the sense that it is 
not affected by adding and dropping lines from the dainbuie. 

There are naarL\ cajcs to consider when comaudng die 
probabilicy of obscn-ing a hybrid's aUelei. depending on the 
zygosir.' of the hvbrid and the inbreds. and allowing for the 
po.ssibilicy of missing alleles or "extra alleles" in the assessment 
of the hybrid and inbred genoc\pes- These possibiliciei arc 
too nitmerous :o list. Tn:scead we give three simple examples. 
All the examples have homozygous inbreds, the most common 
case. .Vid each of ;hc three .hybr-ds hai luo alleles, agair. the 
most common case. We suppose :hat the mer_surrd alleles for 
three SSRs and a particular crio of hybrid and ancestor Inbreds 
are as we have indkaicd in Table 1. 

For 5$R I there are three known alleles, one in addition 
to alleles n and b that are listed for the three lines (hvbr.d, 
inbred i. and inbred p In Table I. For S5R '2 and SSR 3 
there arc t^vo known alleles in addition to those listed. The 
calculations in the right half of Table t wiil now be e?<plained. 
Implicit in calctUating PtS5R:/,y) Is the assumption — required 
in both the numerator and denominator of Saye^* rule — that 
inbreds i and ; are ancestors of the hybrid. Consider 55R i. 
In case 1 above, both ancestors' alleles fas measured bv the 
laboraiOr>' process) are assumed to pais to the index hybrid, 
and so :n this case the hybrid is necessarilv ^ih. The probabilicv 
of observing ;hc actual hybrid's genotype is I for case I. is 
shoi*Ti in Table 1. In case 2. we assume thac inbred fs iillete 
passcf to the h\brid but inbred docs not. Indeed, the h\hrid 
an /I allele. The probability of observing a ^as :he other 
allele is 1/ (number of alleles') = 1/3, as shewn in Tabk I. 
Case 3 is -iinular. tn case 4, neither antrestor allele is passed 
to the hybrid: [fie prohabUirv or ob*er»in? the h\br:ti\ ;^eno- 
t\pc (or i\n\ hcrci"0Z>'gOus genoc\pe> is 3)i 1 . 3> = 1. 0. 
:5incc P= O.jO. thco\era!i (uncondirional) probahiiitv in the 
i-['.^!r.M(ost i;t>Uunu vlT/^Vi'i :.<* :hc simple avt-r.'.ge the four 
cj.srs. inditatt'tl in Tabic t. 

K'.ir *J .UKi -S-SR ^ the c.ilcularu jii? ,nc Huiular. F<n t>6R 
1! rhdc is -it'hie ewdciiCe .iLMiiist pair (/. /) hcmi^ .iiuc^rot 
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Probability of oh.^erwin; a hybrid's alldlcN u-smi^ thrc«i sample SSRs and foor po.vsibk combinations (causes ) 
oF alleles pa.s5«d, xssuming that inhi-»tdsi / and are ancestor^ of ttitr hybrid 
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SSR. ^inipltf icqiiencc repeat marker profile* 



buc it is not corc^usivc For SSR 3 there i£ even less exidcncc 
fa*.*oring pair (i,7>- U woutd not take manv SSR* wich ^v-idt;TKC 
similar to that for 5SR 3 to sssencially rule out thii pair- 
provided thi: other pair* are noc similarlv Inconsistrni. 

To fit^d th*; overall P(SSRify, j), miilciply the indUidt.*;'.! 
P(SSRI/, ever chc \7inou.^ SS^, There i\rc. piircly coTupiirii- 
tional issues to acldi t'^s. Each /^SSElfi,;') is a uunil^t-r bc[ucei) 
0 arid !. \\'hc-ii tht-ro are n ^rrtat many SSFU. tho product of 
these number^ w-ilt be v-arUhinglv amall. To lessen probicn^ 
mth compLUHtionnl underflow, for each SSR we mukipK 
/^5SRltt, t/) by Che sanie consrant for each pair {u. v>: ;hf 
inverse of the largest possible such probahllitw For cxan\ple. 
since 17/ 36 is the largen probabilio* for a hctcror^gous hybrid 
ai an SSR having three alleles (a.? is the caie for SSR I tn 
Tabic I), wc mulriplv all factors P(S3R;iu. v) bv 3^/17. To 
elimtriace rem^initig problems with underflo;^, we do catcula- 
doni using logarichms (adding iriitrad of muitiplvmg) and 
cake antilogs ac :he end- 

The probabilic\' P{S3RI u, is caicula.tcd for all {u, pairs 
and sLimmcd o^-er ah possible pairing? in the dacab.ise, includ- 
ing chat for :he inbred pair under considerncinn: {i. p. This 
gives the denominator in the cxpreiiion for ylSSRsl. 

To determine the pfob^biHcy that any particular inbred, sav 
inbred t, is the closest ancestor of the index hybrid, suin 
P($SRIi. v\ overall inbreds vwiih v ^ / L C^[\ this AtiSSRsi- 
The maxinuina of /^i*SSRs) for any inbred i is 1. But ^ince 
there is one closest ancestor on each iide of 'Jie faniilv. chc 
Sum of /*(^SSR5) over all inbreds i is 2. If there ts a parricular 
pair (i.yl for which P{i,j\SS^\ is cloie to 1 then both fiSSR^ ) 
and /*(}i5SRi) separately will be clo^c to L 

SSR data: DN'A was cximcted from 54 maize hybrids :iiid 
from 5S6 maize inbrcds. .-\il of the hybrids and inoii inbred^ 
arc proprietary produces of Pioneer Hi-Bicd International; 
some important publicly bred inbred lines were also included. 
The inbred parents and grandparent of each hybrid were 
included widiii; the ict of inbrcds. Oiher inbreds thiit were 
jenotyped include many that are highly related by pedi^ee 
to parents and grandparents of the hybrids. The hybrids were 
chosen bccnuse each has a pediyrree that iS ktib^^n to lis and 
eollecdvelv che\- represent a broad arniv of diversity nf mwvt^ 
germplaiin thatii cunencK ^rovvn in the Untt-ed St:ices raugmg 
from earlv co Inte matnricy. 

A total of SSR loci ucrc used in this study fijilov\in^ 
procedures describ^rt in Smith /■/ iit. [1997k bit: rpfxlihctl .vn 
described bclou. SSR Ioct \*ere choscTi on the b;isis that [lu:^ 
inriivirtunIK ha\r hrcti -ihtM^n it> have li hii^h pouer<if iliscrimi- 
nation .m\ui\i; niai/f niluvd liiU's and ^.'oUecn^^rU 'ht-v providt' 
for a ^U'lrpliiii; ut [lt\t i-*i[\ Iim cjt h chmiuuidine vU'tu. ( >l rhv'^*' 
SiR LuL i. :\\%' r'till. ''A.i A^ luiinS^ i s \ 'A\ p.u rntnc^o > v^e; »' l> k d 
on in<ii\ icluLil iiui/t.- ( liit^iini''<^rn<.-s .ls follo\\^: t t^Vvt, 'i^ti-. 
.S f-Jii). I .' iloi. h i^';. 7 '.6i. il:^.. \ jnt! lO 



U4>: 17 SSR loci have not yet been mtipped. The correlation.^ 
amon^ the loci arc unknc^^n and ...re irrelevant for our mcrh- 
odulogy. 

Sequence data for prtmer^ that allow i^uirty of these ^aI^d 
other) SSR loci to be asb.-ived e available at website hcrp: 
vUn-w agron.mi^sourledit All pnniors were designed ;o anneal 
and ■.iiiipli^ under a jiii;;;le set of cor.dicions for PCf< in lO-^^l 
rcac'Jojis. CenofTiic D\.\ (10 n<;^ was ampIiFn^cl ir. 1.3 tnsi 
MgCU, 30 nvM KCl, 10 m.\t Tris-Cl {pH 3 3) usinj 0 3 uniLs 
AmpliTaq Coid DNA poiymera.sc [?t Cotporadon> oligonu- 
cleotide primer pair^ (one prirr.er of eucfi pair wjjs flur^rea- 
ccr:!v labeled^ at 0.17 p;M and 0 'J m.M dNTPs, This miNCurr 
was incubated at 95' for 10 mi:i (he: start); ai>Tp!lf:ed usiti^r 
4p cycles of denaturation at D3^ For 50 sec, annealing at ^(f 
for 50 sec, e.xccnsicn a; 72"* for S5 sec: and then terniinnted 
at 72' for 10 miiV A w'a;er bath thermocycler mantiractured 
at Pioneer Hi-Bred Internawonal was used for PCR reactions. 
PCR products we!¥ prepared for electrophoresis bv ddudng 
3 ^^^^ product to a :otal of 27 p.1 uaing a con:binadon 
of PCR products generated from other loci for that same 
maize senoc\-pe CmuUiplexing) and/or dH20. Dilution of 1.5 
p.1 of this mixture to 5 with ^e! loading dye was perfonmtrd: 
IE was then electrophorcsed at I TOO V for 1.5 hr on an .\Bi 
n^odcl 377 automated DNA sequencer equipped ^^ith GEN^^- 
SC-VN software v. 3.0 CPE-Apptied Bloiysteim, Foster Cici, C\). 

PCR products were 3i:ccd aLicomadcally using the ^local 
Southern" sizing algorithm (Elder and Sou-thern 19371. 
After sizing of PCR products using CencScan. alleles were 
assigned using Cenor^per sof:;vare (PE-Applied Biosystems). 
Generally, allele assignations for each locus were made oti 
the basis of histogram plots consisting of 0.5-bp bins. Breaks 
bcpveen the hbtograni plots of >1 bp were generally consid- 
ered to constitute separation be^vecr^ allele bins; however, 
other criteria, such as the presence of the nontemplate- 
dirccted addidon of adenine (—A addition) and naturallv 
occurring l-bp alleles, were tiscd on a marker-by-markcr basis 
to define the allele dictionary. All allele scores were made 
without knowing the identitici^ of the maize genor-pcs- 



RESULTS 

Tahle 3 presents the probability of closest ancestn' of 
the top five mnkini; iahfed lines for each of 3 hybrids 
;k P= 0.50 (Table ±\) unci F = (Table Proba- 
billtiL^s of Linct^str. are ^iiuwii for nil j4 hybt ids and tl>c 
[Hp r'LUikini^' iiihrx'tU in Fii^nrt- 1: P = 0.'^0 'Shrwrc la) 
;u:d Z'' - 0.99 ;fi>rnT- jhi. R^nuIls for the iubnd.s p:t'- 
'icnted in T^n-jlr 'J .wc lcMiM: t.-ti at the \oo Filiat e I 



Received from < 515 334 6883 > at 3/1 1/03 5:1 6:58 PM [Eastern Standard Time] 




03/11/03 TUE 17:32 FAX 515 334 6583 PIONEER HI -BRED DSM [2l051 

('t..f>,ihilif. l.^ \|M..-|J'. L -iM'^' s.^i; S!7 
TABLE > 



Probabilicy of ajiccbtrv of Rve hybrids osini; data ohtaintrd From 30, 100, and 195 SSR loci 
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\\lt<:n ilie ul^orithm used = 0.30. thtr [\v'<> correct 
p;\reiic^ were icteiuified .l"; htghesr in prnhivhilirv for 43 
(Sy^'r) [MhrlrU [F\\f\uc 1). For euch of iS hvhrirU v"S93. 

ruiikcfl in Uic mp iivtv pUiCfS. 'I'lic Dilict p.iiciu ^va:> 
^juppl-uiifc! rit:n r b\ -^i.-^tL r iiibfLfl s tv In .ki ImI h t ct :h;^t 



w:v> direct pro^r^jay of thai parent. Overall. lO'jt i^.M ^ 
ot 108 pnrenial il^l^l■ed^^ were: coirectly ideiicifted. fm 
hybrids wliere hm.fi p;ircrrit> ranked Pirsc or >iet onit. ilu* 
iwiy^c of prnb:ibtlii5t-^ for parctiral lines that runkcfl Sir^t 
tVum anujti;^ .ill intict tiibrtrd") r;uigccl ti'otn l.iHi"!/ u> 
0.9y*J7: parL'MLiii liiifs runking' :j<2t:oiKt niti«:t'd hem 
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aiu t^str- tni in »iip.u ctU'j cluU luiikefl :n tir^t or -ic-Lt iiifl 
pLiLL-i v\l:l liiMtt O.y^JUl' 0.7054. Fur clit* iti.ijni -lv ol 
lnb:ir!.>. ['If ptrjh<ihilir\' jf il^i: chirrL Ih;^1u>i nitikt.'d 
nutip-it;iH;tt iiibrx'd w;iy at oi b^low tl-Ot;. This inriicacci 
c!uu ifuTt* i:; u>uu:l> vc:y lir.le uncertatnt) abtvj.t c!(>>c.st 
ancestors 

\^Tit::; the .U,!;{oriLhfT^ us^jd P - O.QQ to t:^:al>^:Elc c.ich 
of rhtj 54 hvbnds, bi^ch piiren^is were correctiv idenciPiccl 
for 52 {96%} of hybrids And for (I0t2, 104} of the 
pa:-L-nt:> across ailhybrids Tiij\.ire l).Tu*o hybnd.s {3914 
and X0913A). in which one paren; was not mriked in 
the top nvo. were also in the subset not ranked in thtr 
lOp avo asiuming P - 0.30 (above). In both coses their 
ranks improved (boch to chird raiak) and the actiial 
parent was supplanted by an inbred that a direct 
progeny oF th^ correspondiag parental line Fur 49 hy- 
bridrf, boch par<;ncs had probabilitit;? of anccstrv- in cn- 
ceii of 0.999. Ajnoiig the 5 hybridi htWitijj n parent 
iTinking second uith a probLi.bitiu of anccstiy be tow 
O.909, <he lowest of these probabilities was 0.3976 and 
the highc^c probabiltcy for a third ranking nonparejn: 
was 0. 10^23. For most hybrids the probability for che 
third and hitrhest ranked nonparental inbred wiis at or 
below E-IO. 

Tabic 2 also addresses daia analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per \ocm. The pre^ience of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in we!l-mamcained inbred development and seed 
increase programs but m possible bccaiLse -^3-5^ of 
loci can still be scgrcgaUng and unintended pollination 
from genotypes not designated as parent^ of the hybrid 
can occur. For hybrids, more than cu*o alleles per loctis 
can be scored when DNA is extracted from a bulk of 
individual plaiics and because inbred parents are not 
homozygotis due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line md 
more than two alleles per locui in a hybrid therefore 
can be accommodated by multiple mnj of the a!go- 
richm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the case of ana- 
ly:^mg data from 193 loci tend to be very small b<?caLLst 
there Were few loci where an inbred or hybrid sample 
(from a bulk of iiKlividual plants) was :>cored for mi)re 
than two alleles. 

M.\rtSHAl.( et ni, { 199?^) hiue flra^^'n attention to ei rors 
that can be eticouiuertd in genuiyping sur^'c^■s. These 
errors iiKkulc tttissitv^ data, null atte!es. and t%pini< ci - 
mrs. V\\- ch(.-:ernrf; iiivc'^riuatorl the rMhu.<iiic<v of :Iu- 
al'JTot iih:n hv trxainiiKiiL; die eficcrs mi.idihc^^finns in 
the- clara ii»r live h\hiul> t:''4l7, 33-3. 3'>:'n. iVif):'. .uu! 



;l'.)40). Fusi. 'AO rcdin.rd chc nuinbcr (.^l" .V'jR,*! u.-cd. tmni 
ilic lull ^LL Ljf ['jj iy> iiM>;uul then n> :>U (Table 'J; L>c 
rW' jf' I'M.i gr-ijt;raL<;d it Koi nxi i;in Ivi (1 v"^ of One partJU 
f(ji c.uji uC h\():u[> ?:;4I7 .UK I :^940j und for b<jL!i 
paiVriL^ of on<: h\brid *."Vin:,r, AJl of Llle^c most h'-hiv 
ranked nof^parental inbi^rdA urit cln.>e!y rel..tted to die 
true par^.'fu.^ fur e;;ch oTihe r-^pcctive hvbrid.s; six ditfe:'- 
enc tiibrtirl lines \\*ere in^oh*;*:! Tour -.vere di[*cct pro^ciu' 
of the crv:e parents (one v.; tit addidonal backcrosscs 
from the true parent) and nvo were full siscers (from a 
cross of higldy related inbredsj of che acuial pareu: of 
the h^-bnd. Using IQO ioc: resulted in correct: paren:a: 
rankings for all hybrids e.Ncepc for 3^05 where neither 
parent ranked in first or second place. Four inbred^ 
outranked the true parents of 3905. .\JI four nonparenis 
were closely related to the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional hackcrossing co that parent^ and 
one was a full sister of the true parenc. Use of data from 
all 193 loci cofiecced ch^ plactinou for one of tlit* 
parcnLs of h>-brid 3903. Two inbivds d\at u'e:e not p^:'- 
ents of this tiybrid remained ranked more highly dian 
one of the true parents. Boch were direct progeny of 
thac paren:, and one of these inbrcds had additional 
backcrossing to that parent in it:5 pedigree. 

To address the consequences of laborator;. and other 
source.*) of error, we artificially compromised data qual- 
ity- beyond the level originalK provided by eliminating 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where var:oi,LS numbers of SSR 
allele^ were scored incorrectly). We also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a summap.' of the results of making these 
modifications in the data. For all modifications wc used 
data from all SSR loci and we also randomly chose 5SR 
loci to create subsets of 50 und 100 loci. In each case, 
the program was run 20 times for each hybrid /set of 
loci. When all 195 loci vvere examined, replicadons dif- 
fered only according to the particular choice of alleles 
for loci where more than t^\0 alleles had been scored. 

To e\-aluate robusmess in the face of missing data or 
mistyped data, wc simLiIated indiudual and combined 
categories of these data m the hybrid and all inbred 
lines at levels of 2, 3. 10, and 25% of the alleles for each 
of five hybrids and all inhreds bevond the level of error 
a:* originally scored hv :he laboratorv. Wc examined the 
effects of these levels and rvpes of error for three sizes 
of database; 50 loci. 100 loci, and all 195 scored loci. 
The same five hybrids considered in Table 2 were invcr^ti- 
g.acd: :>417. 3525, :i90:>. and 3940. One of these 

fnhnds (39fl5) w-u> chuseii ht'(\uisf one of its parenLs 
did [U)t rank amonijf the top pao places even w|;cn the 
LiKViplere ard '.nini"f!itit*rl \\,\\,\ I'rf-tn aU SSR I«>ci *^^'t:-:e 

LtSc<l. 

K-\aiiiples dT [ fjbuitnes^ i:i rhr I. ice of adtiitioual crr<j:' 
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h ii U\r h\ h; {(Is iLsiti;^ siib^rL> t >(' ."j* i ,tiirt I ' >0 Itfci .iiifl all 
lot i .11 f ^ln^utv ii\ Table w\\nv nunit>fis of p.itLMUs 
liiiikin;^ tiic top t\\\> pULc;c> arc ptx-scrut:tL Dt;,:^r;uhL- 
Liuii in lUl pickvciilial T-ankiii%; nl p irX'tU uthix'tU ac a 

luhrirl ('3j'^r>) with usLige of 30, jOO. ot 55R loci. 
Dt',rrurU\'.it »fi in the preferciuial rankinir of pai't:ru in- 
biftU at a Icve; of 23'^^ add!:i<>:ic\l :'ni<^cg^ccl daui wit?i 
ihowti for hvbrid 3536. When buih ;u:lfiiuor.al icvu-U of 
TTni*isitigiinf.l inisicored d:na u'ere sirTiuUif*;d, degradation 
ir. the ahilicy co pr-eferendajly r.\i\k inbred p;irents oc- 
curred for all hybrids and for all <e:s of SSR (30. 100. 
and 193 loci) except for hybrid 3417 when data From 
195 S5R loci were used- Over all five hvbrids. use of 100 
loci improved robu5tnc:is from the use of 50 loci; iisc 
of 19^ loci further improved robuitnesi for four hybrids 
(,^417, 35t?5. 3905, and 3940). The decree of improve- 
ment wa^ small, except for hybrid 3905. 

We aljo ranked inbreds according to iheir probability* 
of anc'cstiv of hybi'idi wheti boch parents and all inbred 
dt-'ris-iitives and fuH-sisicr inbred.s of che rtJjipectiM^ in* 
bred parcncs for each hybrid were e\clucled from the 
anuKsii. The results are too volumtnoLvs CO presen: here 
but can be summarized as follows: Using P = 0.50. a 
grajidparent of each respective hvbrid ranked into firu 
place for 41 (76%) hybrids: probabilities ranged from 
0.4976 10 I.O and most were above 0-9909. Other chMSC'S 
of inbred:* that ranked in first pOsi:ion for probability* 
of ancestry were iabreds derived directly by pedigree 
from a gmndparent of the respective hybrid (DGP) for 
13% of hybricLj, inbred^ derived dircctlv by pedigree 
from a grea t-grandpiirent of the reispecuve hybrid 
COGGP) for 9% of hybrids, and one class [2^c of hv- 
brids) with an inbred ranked into first place th;a ^y^c^s 
directly related by pedigree to the gre a t-gr cat-grand par- 
ent of tliat hybrid. Inbreds chat ranked in second posi- 
tion \vere related to the respective parents of the hybrid 
as foIIo^v3: Thirtv-onc (57% of hybrid:>) were a grandpar- 
ent of the respective hybrid, 11 (50^^) were clashed as 
DGP. 7 (I37o) were DCGP. I {2%) wa^ cia^s DCGGP. 
and 4 {7?q) were a great-grandparent (GGP) of the 
respective hybrid. 0\cr all hybrids, cwo of ihe four 
grandp*u'ent3 ranked into firsi and second position^) for 
23 (43^ of hybnds); three grajid parents ranked into 
the first three positions for 5 (9*7 of hv hdds^. There 
were no instances where all four grandparents mnked 
into Lhe hrst four positions, Thir^ hvbiids !iad .i ^nd- 
p;u'eni ranked into first po.siiion using F = 0.^9, The 
number of ijrandpAi'encs ranked into the u^p five posi- 
tions vvx\^ ^3 (compared to lOS when P = 0.50). The 
numbei- of j^rand parents rmikin^ intu the top :u-o posi- 
tions u".Ls .V> (compared to 71 uhen P ~ O..'^)!. The 
mean profnibili cv uf ;t gr.mdpaf cut liiat raoked into the 
\\i<\ rui^ pr.sirioiis was O.rV^^S i SO = fl 1 ['y^: vv hcn P = 
0.30 .itul o.tk^lMO (SD " 0 i)it)4l ;v}if:i /' - n.^^W. 



DISC L'S.SH^N 

'f'iu picvale'.u LL^e uf piuernit\ inflicc>* dt-nnMistrutes 
th.'.r i[ i> aLl\.Liua<xer>us to h,;vc explicit pr< ►hahrlitK-s rjf 
anri.^t'-^ to c(i\:ln;^M.u.sh an^oii^ diffcrcvu pcdi^^rco. Mo- 
lecular inaikL-r piohiiw'^ ar'j rapidk bcL^Jmiu^:^ ni>fn. ln:- 
teciMvr and ri;^;; eHeCtive CO generTitc Tcatui ei that uoulri 
arlv.iiU '- ihz- itaus';K.\u tuiul'-iis of nioleci'.Ia: marker 'Jata 
CO pr:jvidf eNcplicil probabili:ies of uncesny include the 
abiUty [f) ca!cu!sUe probabilities of uncL-str^ '.vhere there 
is no ^/^r?o/T inforznation as :o :he identir- of one f'tisually 
the malernal) parent and robustness in the face of labo- 
ratfjn. error. 

Maiiic inbred lines and hybrids provide a ver/ cNCictinj 
set of materials for evaluating the discriminatory abili ties 
of molecular data and scatistical procedures that are 
employed to interpret those datn. Hundreds of maize 
inbred lines of knowri pedigree together encornpass a 
great divcrsin.- and complexic>- of pedigree relationships. 
Seine vnbrerl [incs can be \'er\ hi-^hlv rehucd anrl ireiicti- 
cally siitiiiar due tu their derivation from contmon pj.r^ 
enuigc including t'rom parents that are thcmselvL^s highly 
related. Consequently, relationship categories such as 
"sister" or "parent" when applied to mai^ie inbreds lisu- 
ally refer to closer degrees of pedigree relationship and, 
ihLLs, of ^erm plasm and molecular marker profile simi- 
larity than those of the equi\*alently nan\ed clx^ises of 
relationship for animal species. \(03tnnal2e hvbrids that 
arc widely uistd in the United States today are con- 
structed from pair^ of inbred lines that are unrelated 
by pedigree, each inbred parent having been bred from 
asepamte "pool" ofgermplsuim. Various degrees of rel a t- 
edncsa are possible bc:^veen hybrids according co the 
pedigree relationship.i among their constituent inbred 
parents. 

Using P - 0.99 in the algorithin ts more specific for 
identify'ing parents th«n using P = 0.50. However, P = 
0.99 is less robust for identifying other relatives, such 
as grandparents. Wien the algorithm tvos run at P = 
0-30 there were 6 hybrids for which one parent did not 
rank among the top two most probable genorv-pes. For 
the remaining -18 hybrids the correct parents '.vere iden- 
tified even in circumstances where other candidate in- 
breds included not only full-sistcr lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid. For each of 
the 6 hybrids where a nonparent ranked above a trtte 
parent, chut higher ranked inbred was ahvays either a 
sister uf progenv ot the outranked cme paretu. The 
range of pcdi;^ree relationships expressed bv the 
Malecot c(.^effiLre!U of reU'^tedness (M.alkco'j U-HSv that 
was en('ojnpa<sef 1 hv pairs of true p:\ret\LS and more 
highlv r-ankert lohtL'cl lelatives t>f ttie true paretits '.va.s 
fiotu M M.ut.siy cnetVic-etu of (VS:'^)ft .^pp!;^\i- 

mate^ a ii latu •ti>iiip beiwe^n inbred A ar;d A' v^'fuv e 
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iulu L f I A' liii.-* bcvn tiuia a li n.'^s nl' iii!ircri> A and 

the pAr'ftUal ii\f)icd A. A Malccot L-(>tTfkit:!ii of relacifjn- 
:^hip tjf <") 'Jlj.S') Lk/>L !» .tp;;i u\in;at<.'» Li :■c!llU^Jtl^lup h*j- 
^^ee^ inbred-s A :\iid A" utitrrc four luklicioiuil hi\ck- 
^[■{jrs.scs pa:ctu.J iiihtc^l A follow die iuicial c^'-^^^ of 
itdxcrdi A iuid 6- 

RLiauitig thcr alg''*t'idiiT\ at = O/iD in compur't^on to 
= 0-50 laibcs the pi"oh;ibiii:;- ofancc^sQT for che pareiiL*; 
while dlminl^jhing ;h<; pr'obiibdititrii Fur the third and 
louver raiikin^j candidate inbred lines. L'sc of the atgo- 
n;hm at P = 0.90 increased both tlie pcrccnccge of 
hybtids with both paierus ranked in the first ^*.•o posi- 
tions (from 89 CO 96^) and the percentage of parental 
inbreds that were ranked first and second (from 94 to 
98%). Two hybrids (39U and K0915A) did not have 
bodi parents ranked first and second when the algo- 
rithm was run at P = 0.99. For both of these hybrids 
the nonpareni;\i inbred that outr;vnked the true pnreiu 
wivs itse!f a p[Odt.LCt by pedigree from the trvie parent 
that hixd befits created by au additional four backcfossei 
of tluit parent; the MalOcot cocfTicieat of relaUon^hip 
ber^-een die paren: of ihc hybrid and the inbred that 
outranked that parent for these c\vo hybridi ;vas 0.9536. 

Robustness \^ tested bv evaluating the effects of us- 
ing data from different nu^^iber^ of loci and by simulat- 
ing additional IcvcU of naii^ing and misscored data tip 
to combined level* of "23*^c error beyond that which \vzs 
provided by che laborutor/. From our experience, error 
rates of 5 to 10*^ con occur in SSR profiling of maize 
due chiefly to the combined effects of residual heteroz>-- 
gosicy among seed lots axid by deficiencies in the scoring 
of heteroz^'gotes in hybndii. The addidonal levels of 
simulated error, therefore, include values (up :o ^35*^ 
total error) that are well outi^ide of our experience. For 
five hybnds that were examined, increasing che number 
of loci from 50 lo 100 (^vith no additional missing or 
misscored data) did reduce the number of instances 
where inbredi that were not pareats of ii hybrid out- 
ranked the tn-ic parent from four to one- Nonetheless, 
all of these more highly ranked inbreds, although they 
were not themselves the true parents of the respecuve 
hvbrid. w-ere either direct progeny or full sisters of the 
tnic parent (Table 2). Conicquendy, if such degrees of 
error can be tolerated in respect of pedigrees for mbreds 
that arc identified as parents of hybrids, then SSR data 
from 50 loci of cqui\alcnt discrimination abiitty are 
sufficient. Cse of data from 50 loci also evidenced ro- 
bustness in tl^e face ot up to 101: addttiuaal te\e!.-4 of 
either missing or misscored data: no degradation in the 
abilici.- to identii'va p;u'ent w-^ apparent up :o the level of 
10^ additional error except tot lO^T. additioiial tnissing 
ai\d misscored alleles tor i>ne hvbrid Table 3). 

However. iLse of loci incrcM^ed the pi opor'jt,)!^ of 
tnte parenu th:u x'oro conec:K ideiM inert fr(vm oV'i 
(for 5o iMcii to 71'^ iiuc;in curiL-c: p.iicius o^cr all 



k-\rU ol errm. "C.ihU: l\t.' of (I.k.l horn lf>") [oci 
pt.j\!(lv!l .LjtcuLL-: rt,■>illc^»t^ .ii;Ai!i>: .ul( li:i<.i\al Ic^t-ls oT 
ci r'or. However, ust,- uf data from lV>3 lot.i wa.'i unable to 
p:')\:dc' rc'iiliLULv .r^'':Ljr>^t the iif^Mciv c elVevlH oi' adding 
coinbir\efl levels fat'25^t ) of both rn!:^^iri;i; iind inis-scoied 
d--'. vT.tblc 3^ Al the Il-.c! ofadflittorud pr>or data 
in[L'{rt i[y, inbreds that were noc relr.ieti to chv crue p;vreiu 
of :ht. hybnct outranked i\\c tt uc p.neru for ibur uf the 
five h>brirl.'s. Levels of mibsmg or misscoiecl duta .-shouki. 
dieiefore, be kept beU)v\. IS-'JO*^ (assuming a level of 
5—10% error in the data vs^e analy:^ed prior :o simulating 
additional error; , 

Vv'c have previously e.\a mined che pedigrees of in- 
breds that arc ranked into che first t\vo positions when 
the crue parents arc removed from the list of candidate 
inbred lines. Usuallv, direct progeny or full sisters of 
the true parents then rank most highly (data not pre- 
sented! . We therefore examined the ranking^s of inbredi 
ivith respect to their rankingand probability of inclusion 
in ih.e aiicescr)' of ctlcH hvbrkl arccr the reir.ovnl. not 
Only of the true parenis, but also of the progcnv of the 
true pafenLS and any full si^cers of the true parents. In 
these circun^stances the grandp^irents of che hybrids ,^re 
ranked predominantly into top pO^iti0r\s- Using P = 
0.50. a grandparent rtmked into first position for 76rc 
hybnds and into second positio:^ for 5^% hybrids; ^vith 
P « 0.99 a grandparent ranked into fii'st place In 56rc 
of hybrids. At P = 0.30 c\^'o grandparents ranked into 
first and second positions for 43^^ hvbrids and into :he 
first three positions for an addidonal 9^ hybHd.^. Most 
of the remaining inbreds chat ranked into the top nvo 
positions were progeuv of the grandpareuL A total of 
108 grandparents ranked into the top five positions 
when P = 0-30; 93 mnked into these positions when P =■ 
0.99. Seven c\'-one grandparents ranked into the top t\v-o 
positions when P = 0.30; 55 grandparents ranked into 
these posidons when P - 0.99. The mean probabilic^' 
of a grandparent in the cop ^vo posidons 0.95SS 
(SD 0,1454) when P - 0.50 and 0,9980 (SD 0.0i04) 
when P — 0.90. Our algorithm was ivrittcn to identify' 
pairs of ancestors; alternative algoriihmM could be tai- 
lored to identify' all grandparents once parents had been 
idendfted and removed from the list of candidate in- 
breds. 

We have demonstrated the cac>v^biUc> and roba<itness 
of an algorithm that can be used to 5how' probabiHc%- of 
parentage in circumstances where the a priori pedigree 
identir\' of neither parent is knowTi. ExcIiL^ions are taken 
into accouiu. therebv allowing parentage to be showri 
even when the two parents are not represented in the 
datab^^se of molecular prohles that are e.\aniijied. Het- 
erozygous candidate parents can be accom:ii<Kt»Ued. 
The number of loci that is tieceNsan- ro provide a reliable 
basi-i of de:ernnnia< pcfll;e^rre is <lcpendrn: upr»u the 
degree of ret:ite<tne^s anuuTv: parenLs And nonpureKC.s 
aiKl Lip^m ih^ (Li>t r;iiut\;uot^ ahiiiLv 'u':h.t* ::ia:'kc: sv-^ierti 
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ill tbr specif^ ')t inter f^t C ^iri.^ = O.itV* cornpatud to 
P - 0.r»0 piL'tt t nuuilh ulviniikcl HP n ut. paiciUs <liuI 
witli ii sfit'Littr clihtcrciicc of" pcobubilit)' to third placed 

purfiits Lire ajnong the canflidiito list of inbred^, then 
F = [):)^J biioakl be v^>^d\ it* grc.ict;:' robuitr.t-^s rc- 
qairt'd. tlien P = 0.30 ihould be tised. 

Applications of our uigoriihni include the idencitic:i- 
tion of pcdi^TL'tfi amoti^ individuals oFphmc or animal 
species where molecular pronlc datasr^^ exLsi chzit can 
be intcrprtred In cerms of 3egrcg;;tin5 nl!clcs at indmd- 
ual marker loci and thai provide a siiFhcicn: po^vcr of 
diiCdtrJ nation. Capabihties to generate large dau^cw 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide poUTnorphisms. One further applicadon of 
our algorithm is to assist In the protection of intellectual 
property that is obtained on plant varieties or upon 
specific dam^ or sires of animals through the deierminu- 
tion of pedigrees. 
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Attorney Docket No. 1327 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Loren John Hoffbeck Date: March 1 1 , 2003 

Serial No.: 09/758,713 Group Art Unit: 1638 

Filed: January 1 1 , 2001 Examiner: David T. Fox 

For: "INBRED MAIZE LINE PH4GP" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. DINAKAR BHATTRAMAKKI 

Sir: 

I, Dinakar Bhattrannakki, Ph.D., do hereby declare and say as follows: 

1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Plant 
Molecular Genetics from the University of Illinois at Urbana-Champaign. I have a 
Bachelor of Science degree In Agricultural Sciences from the University of 
Agricultural Sciences, Bangalore, India. Since 1997 I have been engaged in the 
analysis of molecular markers for plants, i have supervised the Molecular Marker 
Applications lab at Pioneer Hi-Bred International, Inc. from January 2002 until the 
present 

2. I am familiar with the methods used in the analysis of Simple Sequence 
Repeat, SSR, marker data for inbred PH4GP conducted at Pioneer Hi-Bred 
International, Inc. The analysis of the SSR profile of inbred PH4GP may be 
accomplished without any undue experimentation. The SSR profile for inbred 
PH4GP is attached hereto. 

3. Means of performing this genetic marker profile are well known in the art, 
SSRs are genetic markers based on polymorphisms in nucleotide sequences. The 
PCR^'^ detection of SSRs is accomplished by using two oligonucleotide primers 
flanking the polymorphic segment of DNA. Amplification is accomplished through 
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repeated cycles of heat denaturation of the DNA followed by annealing of the primers 
to their complennentary sequences at low tenrrperatures, and extension of the 
annealed prinners with DNA polymerase. 

4. Markers are scored following amplificatign and gel electrophoresis of the 
amplification products. Scoring of marker genotype is based on the size or weight of 
the amplified fragment. While variation in the primer used or in laboratory 
procedures can affect the reported marker score, relative values remain constant 
regardless of the specific primer or laboratory used, 

5. Primers that may be used to identify the SSR markers reported herein are 
publicly available and may be found in the Maize DB on the World Wide Web at 
agron.missouri.edu/maps.html (sponsored by the University of Missouri), in 
Sharopova et al. (Plant MoL BioL 48(5-6):463-481) and/or in Lee et al (Plant Mol. Biol. 
48(5-6); 453-461). Markers shown for PH4GP are the publicly available markers in 
the sources listed above for which PH4GP was tested and shown to be homozygous. 

6. Map information is provided by bin number as reported in the Maize DB, The 
bin number digits to the left of decimal point typically represent the chromosome on 
which such marker is located, and the digits to the right of the decimal typically 
represent the location on such chromosome. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 





Dinakar Bhattramakki 
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What is an "EssentiaJIVLPeri vecl Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple tjack^crossmg and to 
fill the gap between Plant Breeder_:s Ri:ahls and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

An essentially derivsd variety is a variety which is distinct and predominantly derived 
from a protected initial variety, while retaining the essential charactenstics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somaclonal vanant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, it favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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INTERNATIONAIi CONVENTION 
POR THE 

PROTECTION OP NEM VARlETlfiS OP PliANTS 

of December 2, 19Slf as revised 
at Geneva on November 10 f 1972/ 
on October 22, 1978^ and 
on March 19 , 1991 



adopted by the Diplomatic Conference 
on March 19/ X99i 

reproduced from OPOV Publication No. 438(E) 
issue No. 63 of *'Plant Variety Protection" 



1991 Act of the Convention 
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Article 12 




•xavlnatit^n, the authority my grow th« variety carry out other neceAQary' 
teats, cause the groving of the variety or tb^ carrying out of othar n9ce««ary 
testSr ot take Into account the reaulta o£ growing tests or other tcialA wbi«li 
have already been carried otit* For the purposed o£ ejcaaination. the authority 
My require the breeder to furnish all the necessary information, documents or 
material. 



Eactt Contracting Party shall provide Heasures designed to safeguard the 
intereata of the breeder during the period between the filing or the publica- 
) tlon of the application for the grant of a breeder's right and the grant of 
that right, such neasures shall have the effect that the bolder of a breeder's 
right shall at least be entitled to equitable remuneration froa any person whO/ 
during the said period/ has carried out acta which, once the right is granted » 
require the breeder's authorisation ss provided in Article 14, A Contracting 
Party may provide that the said aeasurea shall only take effect in relation to 
persons whoa the breeder has notified of the filing of the application. 



(1) [ Acts in respect of the propagating material ] (a) Subject to Articles IS 
and 16 « the following acts in respect of the propagating material of the pro- 
tected variety shall require the authorization of the breeder: 
(i) production or reproduction (Multiplication) # 
(11) conditioning for the purpose of propagation^ 
(ill) offering Cor sale, 
(iv) selling or other aarketlngr 

( V) eaeporting, 
(vi) iBporting, 

(vli) stocking for any of the purposes aentioned in.(l) to (vi), above. 

(b) .The ^reeder- may make hie authorization subject to conditions and 
llaitations. . 

(3) [ Acta in reapcct of the harvested aatei:lal ] Subject to Articles IS 
&nd^l6«. tha ActA' referred to in items (1) to (vii) of paragraph (l}(a) in 
respeet of ' harvested aAterial, including entire plants and parts of plants/ 
obtaixie^k ' th'iCC>y9li_ tbe unauthorised «se o£ propagating material of the protected 
▼Ariety shA^l * reqaif « the AwthcrisAtioa of the breeder, unless the breeder hsis 
ItAd' ceasonable opportunity to exercise his right in relation to the eald 
propegating material , 



Act Of the Convention Page 7 



Article 13 
Frovlslonal Protection 



CBAPTSR V 
THB RXGSS OF BftKSTISR 



Article 14 
scope of the Breeder's ttight 
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ili^ t *gt; *" re.pcct of certain prody^ts ] «,ch Contrmeting Party My provide 
th.t. .ub>ct to Arkiel-» 15 and IS. the act. referred to in iteiw (1) to (vllT 
rfaf'^f'^.t!" i° respect of product, wde directly from harv.ated iat*- 

►h^L h 1 P^t-'he" '»'iety falling within the provl.lon, of paragraph (2) 
Itltlf^ ,r """'^'^••^ »" *«« t-rveated .atarlal .hixirrelulre th^ 

to exercise hla right In relation to the aald harveited Mterial. ' 



\*l t£25 »ibi. additional acts ) Bach Contracting Party nar provide that.'aub- 
; . ^ " referred to in items (1) to 

(vtl) of paragraph (lj(a] ihall also require the authorisation of the breeder. 

t g»«e"tially derived and certain o ther varietiee l (a) The provisions of 
paragraph* (i) to (4} shall also apply in relation to ovisiona of 



T*"^"*". *" e"«nei*ily derived fro. the protected variety, 
where the protected variety ie not itaelf an eaaantlaUy derived variety. 

^i\tL r^*""*!! ~' "^""^^ dlatinguishable In accordance with 

Article 7 tcM th« protected variety and 

»arlity.'"^"**" P*"*'''*^^'" requires the repeated u«e of the protected 

K- l*" r?',,'*" Pucposes of subparagraph (a)(1), a variety shall be deeaed to 
be essentially derived fro- another variety ('the initial variety-) wnen 
th.rL \\ *■ P"*«l»'""y derived Cro* the Inlfctal variety, or £co. . variety 
the exnria.Tif P"do»in*ntly derived fro. the initial variety, while retaining 
Ir J»h / e^-ential oharacterlstice that result fro. the genotype 

or combination of genotypes of the initial variety, 

<H> It is clearly distinguishable froa the Initial variety and 

cinfnL"^rf^ •'i""*'"=" -hich result from the act of derivation, it 

»T^f 1^^. variety in the expression of the essential characteris- 

va^!ee^r 9'"''*'^ " co-bination of genotypes of the initial 

^^""^y^^^y derived varieties «y be obtained for example by the selec- 
os^ ?! " • "o-aclonal variant, the selection 

IrJLI^r^ individual fro- plant- of the Initial variety, backcros.lng. or 
transfocxatton by genetic engineering. 

Article IS 
Exceptions to the Breedeg'e aii^ht 

tco-pulaor? eateeotionsl The breeder's right .hall not extend to 
(1) acts done privately and £or non-com«erclal purposes. 
(11) acts done for experlnental purposes and 

-iiii'.K*"" ^ P"'T«"' <»* »"teedi>>9 other varieties, and, except 

r!^!, ? P'O'l-ions of Article 14(5) apply, .eta referred tp in Article 14{[) 
to (4) In respect o£ such other varieties. 

"1 loptional exeeptlonl Kotvlthatanding Article 14, each Contracting Party 
■«y, within reasonable limits and auhject to the •afeguardlng of the legitimite ^ • 
of the breeder, -reatrlct the breeder', right in relation tetany ' 
ISf riLi ^"^^ *<» propagating purpose., on their * 

own holding., the product of the harvest wbieh they have obtained by planting.-**' 



1941 Act of the Convention P,g, g 
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Attorney Docket No. 1327 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Loren John Hoffbeck Date: Dec. 10, 2002 

Serial No.: 09/758,713 Group Art Unit: 1638 

Filed: January 11.2001 Examiner: David T. Fox 

For: -INBRED MAIZE LINE PH4GP" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD., do hereby declare and say as follows: 

1 . lam skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematics and Taxonomy of Maize and its Wild Relatives from Birmingham University. 
I have a M.Sc. In the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees, t commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 
literature. 

2. I have read and understood the Office Action in the above case dated October 

1 1 , 2002. This declaration is in response to the Examiner's rejection under. 35 U.S.C. § 
102(e) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over 
F361 as described in Dowden (U.S. Patent No. 5,880,339). 

3. I have conducted an analysis of SSR marker data for inbred PH4GP and the 
inbred cited as prior art. F361 . Out of a total of 70 SSR loci examined, which allowed a 
sampling of each chromosome, there are 37 markers that show differences between 
PH4GP and F361 . This represents a difference for 53% for the markers tested. Of 
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these 37 markers, 20 were greater than 50 cM in distance, or unlinked on the genetic 
map. 

4. Upon crossing PH4GP to any other maize line and selfing successive filial 
generations, one would within the realm of what is statistically possible, obtain a progeny 
inbred maize line that retains genetic contribution from PH4GP. Assuming that (i) the 
cited prior art is used as the maize line to which PH4GP is crossed, (ii) that the only 
difference between PH4GP and F361 are these 37 markers, and (iii) that alt markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH4GP 
progeny inbred that is the same as F361 after one cycle of breeding, is 1 in 2^ or 1 in 

1 ,048,576. Statistically it is extremely unlikely that a PH4GP progeny, after one cycle of 
breeding, would be the same as F361, 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PH4GP from F361. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences In markers. In doing so, one extrapolates 
that a percentage difference in markers is indicative of a difference in the whole genome. 
To assume that the only differences between PH4GP and F361 are for these 37 
markers, when 37 markers constitute 53% of the 70 SSR loci examined, is a gross and 
unrealistic assumption. Further the cun^ent maize genetic map only has approximately 
sixty 50cM units, so by applying this limitation the maximum number of independently 
segregating loci one could obtain, using the most different maize lines that could ever be 
found, is sixty. These assumptions result in an over estimate of the odds of breeding 
PH4GPfrom F361. 

6. Given the difference in molecular markers between PH4GP and F361 . it Is my 
expert opinion that PH4GP and F361 are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH4GP 
developed through crossing PH4GP with another plant will be distinct from F361. Given 
the facts and based on my education and scientific experience, I believe that the 
invention as claimed is not obvious nor anticipated by F361 as descnbed in Dowden 
(U.S. Patent No. 5.880,339). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that alt statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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Date: A.. M ^ By: ^Acj^d ^,1^ 

Stephen Smith 
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